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PREFACE. 



During recent years studies of the late glacial and post-glacial 
history of the Great Lakes have been carried on more thoroughly 
and more accurately than ever before. The well organized work 
of the United States Geological Survey, carried on under the 
direction of Dr. T. C. Chamberlin by Mr. Frank Leverett, Mr. F. 
Bv Taylor, and Dr. W. Q. Alden, supplemented by the 
work of Dr. A. C. Lane and his associates on the Geological Sur- 
vey of Michigan, by Mr. H. L. Fairchild and Mr. J. B. Wood- 
worth in New York, and others, has modified and extended pre- 
vious knowledge on the subject to a remarkable degree. The 
ice-dam hypothesis of Dr. G. K. Gilbert, at first accepted with 
hesitation, has been abundantly demonstrated. The extent of 
successive ice-front lakes and their order of succession has re- 
ceived more careful attention than heretofore, and the time of 
occupation of the several old outlets has been studied with 
greater care, while the reconstruction of the extinct water- 
planes, now in warped or bent positions, forking and diverging, 
has at last been put on a sound basis, through observation rather 
than assumption. It may truly be said, however, that a 
synopsis of the late gla ^al history of the Great Lakes cannot be 
properly written until 9ie entire region has been studied with 
the care which only cci lain parts have thus far received. The 
present report is offered as a contribution from "Wisconsin. 

In am introductory chapter will be found a brief resume of 
the development of the extinct lakes of the Great Lake region, 
and of their changes of configuration during the disappearance 
of the ice sheet and the attendant tiltings af the region. Follow- 
ing this is a more detailed review of pluvious studies of lakes 
Algonquin, Nipissring, and Chicago, in which attention is called 
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to various problems concerned in the history of these lakes, some 
vof them still not wholly solved. The body of the report, how- 
ever, is contained in the two later chapters, which describe the 
.abandoned shore-lines of eastern Wisconsin and present in full 
the results of instrumental measurements of altitude. The pr^- 
.^^ent work will be found to differ from previous studies of the 
Great Lakes region mainly in the large amount of data collected 
within a comparatively small district, and in the accuracy of 
the measurements!, — ^the wye level being used, rather than the 
aneroid barometer or the hand level. It is thought that the 
results of these detailed measurements, embodied in the recon- 
struction of the water-planes of the extinct lakes Algonquin and 
Nipissing (Plate XXXVII) fully justify the close attention 
which was given to this phase of the work. 

The study of the shore-lines from Port Washington northward 
to Washington island and thence around Green Bay to Mari- 
nette occupied the greater part of July, August, and September, 
1905; this was supplemented later in the fall by work in Keno- 
sha and Racine counties. Most of the distance was traversed 
-on foot; but gasoline fishing boats were used to great advantage 
in northern Door county, and railroads afforded quick trans- 
portation south of Manitowoc and north of the city of Green 
Bay. While the shore-lines were traced as continluously as prac- 
ticable in the time allowed, greater value was placed upon a 
••^^close examination of them at each locality where beaches were 
found well exposed, and on accurate measurements of altitude of 
the whole series of beaches by means of the wye level. 

In the leveling, photographing and examination of the old 
-shorelines, Mr. W. J. Reed gave valuable assistance. Acknow- 
ledgment is here made of kind and helpful counsel from Dr. 
Ohamberlin, Mr. Leverett, Mr. Taylor, Dr. Alden, Dr. Lane and 
others familiar with the problems of Great Lake history. To 
Dr:. B. A. Birge, the Director of this Survey, the writer is in- 
debted for repeated favors and encouragement. 

A typewritten copy of the report was submitted and accepted 
as a thesis for the degree of Doctor of Philosophy at Harvard 
University in May 1906. 
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THE ABANDONED SHORE LINES OF 
EASTERN WISCONSIN. 



CHAPTER I. 



INTRODUCTION. 

As one of the eight states which border on the great Lau- 
rentian lakes, Wisconsin possesses a share of the records of the 
still greater lakes of late glacial time. The northwest comer of 
the state, near the south Superior shore, contains a large series 
of abandoned high level shore-lines which have as yet received 
little attention; but from studies on the north Superior shore, 
in the upper peninsula of Michigan, and elsewhere, it is known 
that these old shore-lines mark out the successive boundaries of 
an ancestral line of lakes Duluth, Algonquin, and Nipissing. 
The eastern part of the state, where it borders on Lake Michigan 
and Green Bay, holds a similar record of extinct higb-level 
lakes. To be sure, this record has been marred and in many 
places totally destroyed by natural processes, during the scores 
of centuries which have elapsed since Lake Michigan took its 
present form, but enough fragments of the earlier lakes of the 
Michigan basin — lakes Chicago, Algonquin, and Nipissing — ^re- 
main to furnish interesting material for a study of the geneal- 
ogy of Lake Michigan. 

Since two of these extinct lakes, Algonquin and Nipissing, 
were not confined to the Mchigan basin, but in turn overspread 
the combined areas of Superior, Michigan, and Huron, and 
since their history is complicated by a long series of earth move- 



uu^uu whwU ^tWvfiwl uv*5 v^itl>«' \Vis4.H>iisiBi Wt awurly tlie whole 
sv( ^h\^ Vhw^^ l.<^W t\^K>a> ih<? ;iilKttiivWtt«d :^M>ne^Im«s must be 
5*luvls\l lu vhv^ l\K^$ cJf jj^niiijwr kuv^wf^fvl^ fnwi nei^iboring 
)i(<4K'« ^usJ (wai Uk^ \,^it«i*v{iiitt $tK^i^)«^ A i>?v*>w cf the histwy 
vi.i ihs^ c\i»iKi laXv**< m l^riof s^ui^ttt* m^v swfn? as an introduo- 
iKvji K»^ ihv uK^iv vx^iH^^vv ytKtticr^ 5ji>^ tVvrth in later chapters. 

v,H KK '\K v,>^* mM H'J^tViCX v^" tUK EXTINCT I^AKES. 

ISiuii^ I ho *uiv^ \\\xvvMivn ^;i^ vxf ^aeiation the Great Lake 
ivv^va vv.wx vlivt>l\ l>irK\{ Vttv^iA5h ih^ gi^eat ice sheet The in- 
iliAvJivv' vM uho \v^\oi«U Vvv* b^^« on the thickness of the ice 
a'ul v\'ji^v\iiiv^iui\ v,>i> I V >i\\vvx;>r of its motion was expressed in 
ihc W^IkkW Iviskr ox vbv^ 5^•'^^^i<'n especially when the ice sheet 
vlmi'uushvsl uiuil v,KiKvi'A^ ^\r,,^it?s or lobes appeared not only in 
l!u uuiu Uvlio iKt^at^s. ^^vrA^n Michigan, and Erie, bnt also in 
tho ^vwui Jul > 1x4x1 i*i* liW Orwn Bay and Saginaw Bay. The slow 
uuvvAonu^ oi the ^^u?hor« and western ends of the lake basins, 
l>;v iho uioli>u^ tvjAoll^ sxlf tW ice border, gave birth to three iee- 
u\u;t htKv\^ hu>u5K Chicago, and Manmee, blockaded on one 
Mvlo U,v tho i^txN*^ ky* dam and overflowing at the three lowest 
v\k\ lu iKo rm?>5i \xf the three basins. 

I ciKe V^hiv^^^v in its early stages a cresc^it^haped lake rimr 
uuv)^^ (hv' Mu'hiiran lobe, foxmd its outlet southwestward into the 
illvuoAsH ri\Yr acitvss a col near Chicago, at fiiKt at a height of 60 
i\vt ^Ka>> l^^ake Michigan, bnt gradually reduced by the ax)6ion 
\vf tht^ ri\>^r. Lake Maumee, the erescentie lake at the western 
t'Uvl \^f the Erie basin, had its outlet first across the divide at 
Wrt Wayne into the Wabash river. The two maps in Fig. 1 
idunv two successive stages of the i«treating ice front and the 
t'xpanding lakes Chicago and l^Iaumee. 

While Lake Chicago stood at the 60-foot or "Glenwood" level, 
there seems to have been a readvance of the ice slieet as far 
south as the Milwaukee district; for gravel depofflts, thoii^t by 
Dr. W. C. Alden to belong to the Glenwood stage of Lake Chi- 
cago are exposed- in the lake cliffs near MHwaokee, boieatfa iee- 
laid and water-laid red clay and about 60 f e^ above Lake Mich- 
igan. This readvance se^as not to mark the dose of the Glen- 
wood stage, however; for a few fragmentary beach ridges weie 
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2 ABANDONED SBORELINEB OF EASTERN WISCONSIN. 

ments which affected not only Wisconsin but nearly the whole 
of the Great Lake region, the abandoned shore-lines must be 
studied in the light of similar knowledge from neighboring 
statee and from the Canadian shores. A review of the history 
of the extinct lakes, in brief outline, may serve as an introduc- 
tion to the more complex matters set forth in later chapters. 

OUTLINE OP THE HISTORY OP THE EXTINCT LAKES. 

During the late Wisconsin stage of glaciation the Great Lake 
region was deeply buried beneath the great ice sheet. The in- 
fluence of the several lake basins on the thickness of the ioe 
and consequently on the velocity of its motion was expressed in 
the tobate border of the glacier, especially when the ice sheet 
diminished until definite tongues or lobes appeared not only in 
the miain lake basins, Superior, Michigan, and Erie, but also in. 
the secondary basins like Green Bay and Saginaw Bay. The slow 
imcovering of the southern and western ends of the lake basins, 
by the melting back of the ice border, gave birth to three ice- 
front lakes, Diuluth, Chicago, and Maumee, blockaded on one 
side by the great ice dam and overflowing at the three lowest 
cols in the rims of the three basins. 

Lake Chicago, in its early stages a crescent-shaped lake rimr 
ming the Michigan lobe, found its outlet southwestward into the 
Illinois river across a col near Chicago, at first at a height of 60 
feet above Lake Michigan, but gradually reduced by the erosion 
of the river. Lake Maumee, the crescentie lake at the western 
end of the Brie basin, had its outlet first across the divide at 
Fort Wayne into the Wabash river. The two maps in Fig. 1 
show two successive stages of the retreating ice front and the 
expanding lakes Chicago and Maumee. 

While Lake Chicago stood at the 60-foot or **Glenwood'' level, 
there seems to have been a readvance of the ice sheet as far 
south as the Milwaukee distract ; for gravel deposits, thought by 
Dr. W. C. Alden to belong to the Glenwood stage of Lake Chi- 
cago are exposed, in the lake cliffs near Milwaukee, beneath ice- 
laid and water-laid red clay and about 60 feet above Lake Mich- 
igan. This readvance seems not to mark the close of the Glen- 
wood stage, however; for a few fragmentary beach ridges were 
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4 ABANDONED SHORE-LINES OF EASTERN WISCONSIN. 

found farther north by the writer, in Ozaukee and Sheboygan 
counties, at the 60-foot level. It is not known that the Glenwood 
readvanoe was attended by any change of level of Lake Chicago. 
In the lower part of Fig. 1 is shown the supposed outline of 
the lakes near the close of the Glenwood stage. 

As the outlet was deepened, the lake fell to a 40-foot or ** Calu- 
met" stage. How far the ice withdrew during this stage is un- 
known — possibly far enough to open the straits of Mackinac 
and a low pass to the northeast; for there are evidences of a 
stage of emergence along the Wisconsin, Illinois, and Michigan 
shores which occurred before the next lower beach, at a 25-foot 
level, was formed. The evidences referred to are peat and 
buried stumps (below the beach gravels of the 25-foot stage) 
near Chicago, and elsewhere,* and deeply cut river channels now 
drowned to a depth of nearly 50 feet, on the east side of Lake 
Michigan.f 

Before the lake )water came to rest at a 25-foot level there was 
evidently a readvance of the ice as far south as Manistee, Mich- 
igan, and ManitowoCj, Wisconsin, which obliterated both the 60- 
and 40-foot shore-lines north of that latitude and formed a 
strong moraine. The level of Lake Chicago seems to have fallen 
to the 25-foot or **Toleston" stage before the ice withdrew from 
this Manistee moraine, since no higher beach is found north, of 
it, in Wisconsin. 

While Lake Chicago was expanding northward in the Mich- 
igan basin, Lake Maumee also expanded in the Erie basin, 
and found a lower outlet across the ''thumb'' of Michigan, 
at Imlay, to the border of the Saginaw lobe and thence down the 
Grand River to Lake Chicago. ( See Fig. 1, lower map. ) With 
various changes in configuration, as the ice front shifted and at 
times readvanced, as the lakes of Saginaw Bay and the Erie basin 
coalesced, or as new outlets were found, the waters of the Hxiron, 
Erie, Ontario, and Saginaw basins formed an ancestral series of 



*"The North American Lakes considered as Chronometers of Post 
Glacial Time," by Edmund Andrews. Chi. Acad. Sci. Trans. II. 

"The Illinois Glacial Lobe" by Frank Leverett. Monograph ^ 
U. S. Geol. Sur. pp. 440-447. '^ "5 

t Leverett, loc. cit. 
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lakes, from which the main line of discharge was the Grand 
River, until they merged to form a single great Lake Warren 
which overspread all of Lake Erie, the southern part of Lake Hu- 
ron and Saginaw Bay and the southern part of the Ontario basin. 




Fig, e.— Lakes Algoquin and IroQuois. (Taylor and Leverett.) 



The outlet down the Grand Eiver was abandoned on the uncover- 
ing of a lower pass in New York, at the head of the Mohawk 
valley. Marked changes in configuration of the eastern lakes 
resulted, while changes equally great took place in the upper 
lake region, where the ice now withdrew so far as to allow the 
waters of the Michigan and Huron basins to coalesce. The com- 
bined result of these changes was the dismemberment of Lake 
Warren, the birth of Lake Iroquois in the Ontario basin, the ex- 
tinction of the separate lakes Duluth and Chicago, and the f onna- 
tion of a great Lake Algonquin. 

Lake Algonquin seems from the first to have had an outlet 
southward past Port Huron, along the present line of discharge 
of the upper lakes. It will be shown in a later chapter that the 
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Chicago outlet probably served, also, as an outlet for Lake Al- 
gonquin in its highest stages. Another possible outlet nui7 
have been eastward along the line of the Trent River, in Ontario, 
to Lake Iroquois. The northeastern part of the region at that 
time stood much lower than at present, and the great lake 
would have discharged in that direction, into the Mattawa and 
Ottawa valleys if these had not been buried by the ice sheet. 
Figure 2 shows in a very diagramimatic way the outline of Lake 
Algonquin. The position of the ice-front, especially northeast 
of Lake Superior, is largely theoretical. 

While Lake Algonquin was in existence, there were repeated 
tiltings of the land, by which the northeastern part of the region 
was raised with respect to the southwestern part. The uplifts 
seem to express the unburdening of the crust from beneath the 
weight of the great ice sheet. By these movements the shores 
of Lake Algonquin were raised above the level of the Port Huron 
and Chicago outlets, successive planes were warped, and 
the shore-lines all around the lake, within the area affected by the 
movements, came to have southward slanting positions. Mean- 
while the Port Huron outlet seems to have been lowered several 
feet, and the Chicago outlet practically abandoned. The spill- 
ways that served as distributary outlets for the lake at these 
stages are clearly exhibited near St. Clair, Michigan, and else- 
where along the St. Clair and' Detroit Rivers. Possibly a stiU 
lower outlet was found to the eastward when the ice sheet with- 
drew beyond the valley of the Trent River. 

The next great event in the history of the lakes seems to have 
been the opening of the low pass east of North Bay Ontario 
(at the east end of Lake Nipissing) by which Lake 
Algonquin was drained down to a lower level and the Port 
Huron outlet was abandoned. Recent studies by Taylor, as yet 
unpublished, make it seem likely that this fall in level was very 
considerable, amounting to several hundred feet. The discharge 
was thus shifted from one end of the lake to the other. The 
three lakes at this stage, closely resembling Lakes Superior, Mich- 
igan, and Huron, have been called the ** Nipissing Great Lakes." 
The region near the ioe front stood so low at this time that the 
sea reached far up the St. Lawrence and Ottawa valleys and in- 
vaded Lake Champlain and the valley of the Hudson River. 
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Meanwhile, the rivers flowing into the shrunken Great Lakes cut 
their valleys deeply, in adjustment to the low base-level. 

Continued upheavals in the northeast following the receding 
ice front raised the Nipissing outlet higher and higher until it 
stood as high as the deserted pass at Port Huron, and at the 
same time the lake waters (everywhere south of the Nipissing 
outlet) must have risen on the shores, drowning the tributary 
valleys and spilling over into the Erie basin. A **two outlet" 
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Fig*. 3.— The Nipissing Great Lakes at the close of the Nipissing stage. (Modi- 
fled from Taylor.) 

stage was thus established, as shown by the map, Figure 3. Up- 
lifts were resumed, lifting the Nipissing pass gradually above the 
plane of the lakes so that only one line of discharge was retained, 
past Port Huron. The Nipissing shore-lines (at least in the 
northern part of the region, where uplifts occurred) were 
tilted, and the already inclined planes of extinct Lake Algon- 
quin were bent still more. 

The deepening and widening of the Port Huron channel, 
since its final occupancy by the outlet, have caused a general low- 
ering of the lakes below the Nipissing plane; meanwhile fluctua- 
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tions in rainfall have caused minor oscillations in level amount- 
ing to several feet. Gilbert has found indications that slow differ- 
ential uplift is still going on ; but observations by Taylor, Lane, 
and others in Michigan, and by the present writer in Wisconsin, 
suggest rather that recent movements are restricted to the 
northern and eastern part of the Great Lake region. 
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CHAPTER II. 



HISTORICAL REVIEW. 



EAHLIEB STUDIES. 



Before the Great Lake region had been penetrated by the 
white man the old beach ridges were familiar to the Indians, 
who used them as convenient lines of travel from place to place. 
Early in the settlement of the lake region, the nature of the 
ridges and terraces was recognized, and mentioned in narra- 
tives of travel. 

The conspicuous beach nidges near Lake Erie and Lake On- 
tario were among the first to receive careful study, by geolo- 
gists of the early state surveys. In Ohio, Colonel Charles Whit- 
tlesey, in 1838-1839, reported a line of beaches skirting Lake Erie 
at a maximum distance of five miles and an altitude of 90-120 
feet above the lake.* 

In Michigan a corresponding shore-line north of Lake Erie 
and the Maumee Eiver was traced for sixty miles by Bela Hub- 
bard, and described by him in the Annual Report of the Geo- 
logical Survey of Michigan for 1840.f 

In western New York, Lardner Vanuxem and James Hall rec- 
ognized an abandoned shore-line in a great ridge near the On- 
tario shore, which was followed many mSlcs by the *' Ridge 
Road.'' Hall's first report J briefly describes this ridge, and 



* Geological Survey of Ohio, 2nd Annual Report, 1838, p. 55. 

t Geological Survey of Michigan, 3rd Annuiail Report, 1840, p. 104. 

|New York Geological Survey, 2nd Annual Report, 1838, p. 310. 
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his final report on the ** fourth district" in 1843* devotes a 
whole chapter to **Lake Ridges," which ar^ compared to cer- 
tain long barrier beaches on the shores of Massachusetts Bay. 
D. D. Owen found the ridges in northern Indiana in 1837-1838. 
Meanwhile, one Mr. Roy, a civil engineer who was engaged in 
surveying routes for canals and railroads across the province of 
Ontario, collected much accurate information regarding the al- 
titudes of beaches and terraces on the Canadian side. Roy 
gave an account of his studies before the Geological Society of 
London in 1837. In June, 1841, while Sir Charles Lyell was 
on his first visit to the United States, he joined Mr. Roy on a 
trip across the old shore-lines near Toronto. Eleven distinct ter- 
races were crossed, of which the highest stands 680 feet above sea 
level. The impression which this noted English geologist received 
is thus expressed in his own words: ** with the exception of the 
parallel roads or shelves in Glen Roy, and some neighboring glens 
of the Western Highlands on Scotland, I never saw so remark- 
able an example of banks, terraces, and accumulations of strati- 
fied gravel, sand, and clay maintaining, over wide areas, so per- 
fect a horizontality, as in this district north of Toronto."t 
Lyell also visited the "lake ridges" at Cleveland- 
Much thought was given by these early geologists to the prob- 
able geography of the region while the shore-lines were being 
built. A comparison of the known altitudes of beaches with the 
altitudes of the low passes through the rim of the Laurentian 
drainage basin (at Portage, Wis., to the Wisconsin River; at Chi- 
cago, to the Des Plaines and Illinois Rivers; at Lockport, N. T. at 
the head of the Mohawk valley) led to a belief in a general sub- 
mergence of the Great Lake region and the Mississippi valley 
beneath the sea, whereby there was continuous water conection 
from the Gulf of Mlexico to the St. Lawrence. Whether the 
land was uplifted evenly or unevenly at the close of this period 
was a matter of disagreement. Whittlesey was among the first 
to observe that the beach ridges are seen to change in alti- 
tude when followed for long distances; and he ascribed this to 



* Natural History of New York, part IV, Geology of the 4th District, 
184a, 'pp. 348-358. 

t Travels in North America in 1841-1842, with geological observa- 
tions on the United States, Canada, and No^la Scotia. 1843, vol. 2, 
p. 106. 
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uneven upheaval of the land. Lyell suggested, however, that 
the discordance of altitude might have been original, as a result 
of the various conditions under which reefs and beach ridges 
were built. W. W. Mather presented the early views in an in- 
teresting way in his final report on the Geology of the First 
District of New York,* alluding to the Lake Michigan basin in 
the following words,t ''It is probable that comimumcatiQn aJso 
existed between Lake Michigan and the Illinois Biver, but we 
lack data to give certainty to it ; because the beaches, if they ex- 
ist, have not been described, or their elevation given ; and we are 
not certain that the amount of elevation that that part of the 
country has experienced at that epoch, is the same as that 
around Lake Brie. If, however, we suppose it to be the same, 
it is probable that a \great volums of water passed between Mil- 
waukee and the south end of Lake Michigan, the lowest point of 
depression being near Chicago, and elevated only seventeen feet 
above the lake, or five hundred and ninety-five feet above the 
ocean, and would give a depth of water in the lowest point of 
seventy-six to seventy-seven feet, between the Gulf of Meidco 
and the St. Lawrence." Difftculty is felt in accounting for the 
currents which flowed through the Mohawk, Champlain and 
Hudson valleys during this submergence; but Mather ingenious- 
ly suggests that 'Hhe Gulf Stream caused a flow into lakes Mich- 
igan and Erie from the Gulf of Mexico" and out through the 
Mohawk and Hudson valleys, drifting clay in a uniform direc- 
tion, and depositing it along the straits.^ A sudden uplift 
of the St. Lawrence basin above the sea is supposed 
to have sent strong currents southward down the Hud- 
son valley, choking parts of it with gravel and bowlders. lAs 
signs of this recent uplift Mather refers to faults traversing 
clays and gravels near Newburg on the Hudson, and to slight 
faults in the bed rock at several localities, by which smoothed 
and striated rock surfaces have been dislocated. The uplift is 
thought to have been nearly even, with ** little relative change 
of height. "§ 



•Op. cit, 152-1'38. 
tlbld. 154-165. 
J Ibid. p. 15'5. 
§ Ibid. p. 157. 
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Reference may next be made to work done by I. A. Lapham, 
who as a resident of Milwaukee and a scientist of ^eat activity 
was for many years devoted to scientific researches of local in- 
terest. A paper written by Lapham in 1847 for the American 
Journal of Science,* which describes certain lacustrine deposits 
overlying the drift, contains one of the earliest references to the 
stratified laustrine clays and sands of the Milwaukee district. 
Aside from the recognition of this sort of evidence of former 
lacustrine conditions, and of its relation to the low beach ridges 
of Lake Brie, Lapham 's paper affords one of the earliest and 
most clearly stated accounts of shore action and its effects on the 
topography of the eastern Wisconsin shore. The building of 
beach terraces by shore drift against a pier is demonstrated by 
observation; and attention is called to a peculiar instance of 
severing or intercision of the lower part of a river valley by the 
retreat of the lake cliffs, — a case which will be fully discussed- 
in the next chapter. 

The reports of the Foster and iWhitney survey of the Lake 
Superior Land District in 1850-1851t contain much that is of 
interest concerning the old shore-lines of the south shore of Lake 
Superior and the north end of Lake Michigan. One of the as- 
sistants on this survey was Edward Desor, a fellow countryman 
and associate of Louis Agassiz, who came to the Great Lake 
country fresh from glacial studies in Europe and a few years' 
experience on the United States Coast Survey, by reason of which 
he was peculiarly qualified to observe and interpret the aban- 
doned shore-lines of the glaciated area. In Chapters VIII and IX 
of Part I, under **The Driff Desor explains the origin of char, 
acteristic features of shore topography, and with much keenness 
of insight discusses the local absence of certain old shore-lines^ 
and its i^gnificance. He points out that old terraces are often 



* ''On the existence of certain Lacustrine Deposits in the viHnity of 
the Great Lakes, usually confounded with the Drift" Amer. Jour. 
Sci., 2nd series, vol. 3, pp. 9(^94, 1847. 

t Report on the geology and topography of a portion of the Lak» 
Superior land district, in the state of Michigan, Part I. Copper 
Lands. 31st Congress, "Exec, Doc. No. 69, 1850. and Geology of the 
Lake Superior land district. Part II. Senate Exec. Doc. No. 4. 185L 
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absent not only on account of the sheltered position of the shore 
and consequent weakness of attack of waves, but frequently be- 
cause of extreme exposure of the shore, enabling the waves of 
the lake during later, lower stages to cut back rapidly and 
wash away terraces of the higher stages. Desor seems 
to have been, the first American geologist to state this 
principle with proper emphasis. He is careful to show 
how the absence of terraces in some places and their pres- 
ences in others may lead to the mistake of concluding that a 
single bluff at the shore represents the work of but a single 
stage of the lake, whereas bluffs of higher stages may have been 
washed away by more recent r%)sion. In Part II Desor gives 
a detailed description of the old shore-lines of Mackinac Island, 
with an illustrative view, a sketch map and three cross-sections 
of the terraces. At the steep southern side of the island a series 
of conspicuous terraces marks ''a gigantic staircase," a record 
of successive levels of submergence; while at the more gently 
sloping northern end beach ridges occur at corresponding alti- 
tudes. The highest shore-line reported stood 147 feet above Lake 
Michigan on Mackinac island and 130 feet near Qros Cap, west 
of the straits (by no means the highest shore-line, according to 
more reoent studies, however). Desor expresses some surprise 
at the apparent absence of this high shore-line along the northern 
border of Lake Michigan and Green Bay, as well as at discor- 
dances between the altitudes of the) terraces at different local- 
ities; but says:* *Hhe difficulty might, however, be met by sup- 
posing that the upheaval which raised the terraces of Mackinac 
to their actual height did not operate to the same extent west of 
the island. At any rate, this circumstance is in itself a proof 
that the change could not have been brought about by a mere 
lowering of the water; but that they must at all events be re- 
ferred to a gradual, but unequal, rise in the land. ' Mt is thought 
that there are two distinct series of shore-lines represented; a 
higher series which is marked by the great terraces, and a lower 
series marked by beaches. Various forms peculiar to shore 
topography, hitherto not well understood, are carefully de- 
scribed: ** river belts" or bars built by shore drift so as to hold 



•Op. clt. Part II. p. 254. 
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the lower part of a stream in a deflected course parallel to the* 
shore ; hooked spits ; and dunes, which seem never before to have 
been observed on the shores of inland tideless bodies of water. 

A short paper by Whittlesey in the same chapter* gives an ac- 
count of old beaches at the north end of Lake Michigan and in 
Green Bay, and is followed by a valuable chapter on observed 
fluctuation of level of the lakes.t It is recorded that at a 
stage of high water in 1838 the lake rose nearly six feet 
above low-water mark. Such fluctuations as these can be 
traced to variations in rainfall during a series of years. 
Whittlesey makes particular mention of a shore-line which stands 
about 18 feet above the lake at many places near the northern end 
of Green Bay. On the western side of St. Martin's Island a scrap- 
of old beach deposit was found at 14 feet on a shelf of a retreat- 
ing cliff of white limestone; and on the northeast side of Potta- 
watomee (Washington) Island a similar deposit 18 feet above 
the lake. The conclusion is reached that the 18-foot shore-line 
so uniform in height around these shores, marks a single water- 
plane of considerable importance. The trees growing on ifr 
compel a minimum estimate of several centuries for the time 
since this shore-line was built. Fluctuation in lake level, with 
changes of rainfall, are regarded as sufficient cause; but thought 
inapplicable in the present case, because Lakes Erie and Super- 
ior do not seem to share the 18-foot shore-line. Whittlesey 
thinks, therefore, that it represents the lowering of Lakes Mich- 
igan and Huron by the deepening and widening of the outlet at 
Port Huron, which is cut across sand and drift, while the rocky 
outlet channels of Superior and Brie were not cut down so far. 
The close correspondence between Whittlesey's views of the ag- 
nificance of the 18-foot beach on Pottawatomee Island and that 
reached in the present report will be brought out in a later 
chapter. 

A paper by Whittlesey ^'On the Fresh Water Glacial Drift 
of the Northwestern States," written in 1864 J makes brief re- 
port of terraces and beaches of the northern and eastern Wis- 



♦ Ibid. pp. 270-273. 
t Ibid. pp. 319-339. 
i Smithsonian Contributions to Knowledge, 197, 1866. 
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consin shores, including what is perhaps the earliest mention of 
ancient beaches around the south end of Lake Michigan and 
Green Bay. The series of beaches is again explained by the 
** settling away" of the lakes as their outlets were worn down. 

In 1867 a brief account of the abandoned beaches of the Chi- 
cago district was prepared by Dr. H. M. Bannister for the (Geo- 
logical Survey of Illinois.* It is here recognized that Lake 
Michigan wa^ at least 40 feet higher at the close of the glacial 
period and had its outlet past Chicago, along the line of the 
lUinois-IViississippi canal. The presenoe of buried peat beds and 
fossil shells of existing fresh-water species in the lower beach 
ridges was given some attention. 

A paper by Dr. Edmund Andrews on *'The North American 
Lakes considered as Chronometers of Post Glacial Time,''t P^^ 
lished in 1870 gave the subject of the extinct Lake Michigan 
more elaborate treatment, although Andrews' chief purpose was 
to estimate the duration of post-glacial time by means of com- 
parative measurements of (a) the average rate of erosion along 
the present shore, (b) the width of the sub-aqueous platform 
which has been cut at the present level, (c) the amount and di- 
rection of transportation of drifting sand, and (d) the amount of 
sand in the beach ridges. Three extinct stages of the lake were 
distinguished by means of three separate beach ridges which were 
built out from three bluffs farther north. The highest beach at 52 
feet is thought to correspond to the highest beach west of Lake 
Huron and around Lake Erie, and to have been greatly deformed 
by differential uplift. The courses of the three beaches around 
the southern end of Lake Michigan are shown on a map, extend- 
ing northward through Wisconsin to a point beyond Racine. The 
highest beach, said to be uniformly 52 feet above the lake on 
the west side is thought to correspond to a 21-foot beach on the 
east side, and to the highest beach around the southern and west- 
em sides of Lake Huron and Lake Erie. It is therefore sup- 
posed that this beach has been *' thrown into sinuous form'* by 



* Geological Survey of lUlsois. Vol. 3. Geology and Paleontology, 
pp. 239-257. "Cook County." 1868. 

tin the transactions of the Chicago Academy of Sciences, vol. 2, 
pp. 1-23. 
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*' flexures of the strata of the continent sdnce the beach was laid 
down.'' Andrews thus made the mistake which Desor had 
sought to prevent) twenty years before. The highest beach is 
thought to have been reached twice by the waters of the lake, 
these two high stages being separated by an interval of emer- 
gence and the depoaition of a peat bed down to within a few feet 
of the present lake. The second beach (formed after the final 
drop from the stage) is placed at 30-35 feet and the lowest 
at about 25 feet Low ridges below the highest beach ridge, 
and below the 25-foot ridge are regarded as subaqueous bars or 
reefs, while occasional ridges on the outer slope of the 35-foot 
beach are thought to have been cast up during the lowering of 
level of the waters. 

The surface geology of eastern Wisconsin was studied in con« 
siderable detail for the first time between 1873 and 1877, by T. C. 
Chamberlin, as geologist and later Director of the State Survey. 
In his '* Geology of Wisconsin,"* Chamberlin describes four 
beach formations. One of these is a stratified deposit of sand 
and gravel observed in the neighborhood of Milwaukee, where 
it is overlain by a deposit of red clay. Another, called ''Beach 
Formation D" is said to be marked on its inland border by a 
ridge of gravel and sand, which in Racine and Kenosha Counties 
varies in altitude from 40 to 80 feet above Lake Michigan. A 
terrace rarely more than 15 feet above the lake is briefly de- 
•scribed as appearing for a few miles on the lake shore just north 
of Milwaukee, again along the shore between Port Washington 
and Sheboygan, again near Centerville, again just north of 
Ahnapee (Algoma) ''in sharp and rigid outline" and eontinn- 
ing without essential interruption to the vicinity of Sturgeon 
Bay" where the bluflf behind it becomes 75 feef high. Prom 
Sturgeon Bay this terrace is said to continue interruptedly 
northward through Door County as a beach ridge, to "Death's 
Door." On the western side of the peninsula, the old shore-line 
is often interrupted by rocky promontories, and marked by con- 
spicuous chip-stone bars at Bphraim, Pish Creek, Egg Harbor, 
and elsewhere. On this side of the peninsula the shore-lines are 
much higher than before. Rock cliffs and terraces also are re- 



• Geology of Wisconsin, Survey of 1S73-1877, vol. 2, pp. 219-229. 
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ported here. **Near Green Bay there is an inconspicuous beach 
ridge formed of worn chip-stone, first appearing on the bay 
shore and extending a few rods, when it is replaced by a well- 
defined terrace of red clay, which extends southward nearly 
parallel to the shore for about two miles, when it is in turn re- 
placed by a low, flat, sandy ridge, which may be traced around 
the extremity of the bay and northward along the western side 
to Menominee and beyond." The beach ridge north of Stur- 
geon bay rises to 44 feet at Sec. 9, T. 33, R. 29 E. (not far from 
the northeastern extremity of the peninsula). On the west aide 
of Door county the gravel ridge is said to be about 40 feet above 
the lakes at Hedgehog Harbor; 65 feet at Sister Bay; 53 feet 
at Eagle Harbor; 50 feet at Egg Harbor; and 55 feet at Fish 
Creek. **The elevation becomes less again toward the southern 
extremity of Green Bay."* Two and sometimes three well- 
defined ridges are said to occur between the highest beach and 
the lake. All these topographic forms and the red clay deposits 
are regarded as evidences of several advances and retirements 
of the watera of the lake which occurred at a time of general 
depression of the Great Lake region at the close of the glacial 
period. 

LATER STUDIES. 

In all this early work, difficulty was felt in accounting for 
the depth of submergence, which at the very highest levels 
seemed to have been by fresh water rather than by the sea. Gil- 
bert 's study of the old lake records of the Maumee valley, west of 
Lake Erie, in the early 70 's, brought him to the front as the dem- 
onstrator of the ice dam hypothesis, hitherto not fully appre- 
ciated. Accepting the ice sheet as a barrier for Lake Maumee, 
Gilbert proceeded farther and after an examination of the 
beaches south of Lake Ontario and of the Mohawk valley con- 
fidently expressed the view that the shore-lines mark an ex- 
tinct lake which was held up by the ice dam to a level con- 
siderably above the sea, overflowing down the Mohawk valley 
to the Hudson. 



•Ibid. p. 229. 
2 
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Meanwhile, in the early '80 's Warren XJpham had begun those 
extensive studies in the Bed River valley of Minnesota, Dakota, 
Manitoba, and Saskatchewan, which were finally embodied in 
his monograph on ** Glacial Lake Agassiz," — ^a classic in geo- 
logic literature.* In this work, the connection between suc- 
cessive stages of lake level and successive terminal moraines, 
and the consequent inferences regarding the function of the ice 
sheet as a great northern barrier to the lake are convincingly pre- 
sented. Upham's discovery of the fan-like splitting of beaches, 
produced by differential uplifts of the northern position of the 
lake while the ice was retreating, deserves more than mention 
here, for it has been confirmed many times in the Great Lake re- 
gion, and finds graphic illustration in Plate XXXVII of 
the present report. The highest or ** Herman'' shore-lines, fol- 
lowed by Upham for a distance of 140 miles, was found to split, 
fan-fashion, into seven distinct ridges, the higher ones terminat- 
ing farther south than the low<er. Taking the whole group of 
beaches in' Lake Agassiz, which at the southern end of the lake 
are five in number, it is found that they are increased north- 
ward by divergence and splitting to seventeen distinct shore-lines. 

While Gilbert and Upham accepted the ice-dam hypothesis in 
its broadest significace thus early, other investigators, accepting 
it for the Lake Maumee and for others of the smaller extinct 
lakes, hesitated to apply it to those great sheets of water which 
covered several of the Great Lake basins. Among these, J. 
W. Spencer was the most outspoken in his disbelief in the 
ability of the ice sheet to act as a barrier for such vast bodies 
of water. iWbrking at first in the province of Ontario, on the 
northern shore of the same extinct lake whose beaches Gilbert 
was tracing in western New York, Spencer came to the conclu- 
sion that this **Lake Iroquois" was nothing less than a great 
inland gulf, approximately at sea level, but fresh because of the 
considerable drainage into it. The ice-dam hypothesis to him 
seemed visionary, based on assumptions, with no support from 
facts. He did not at first accept the phenomena in the Mohawk 
valley as evidences of an outlet river. The same explanation — 
that of inland gulfs — ^was applied by him to ''Lake "Warren" or 



U. S. Geological Survey, Monograph 25, 1895. 
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** Warren Water," (as he named the extinct lake which over- 
spread Lakes Erie and Huron and parts of adjoining lake 
basins) and to its successor, **Lake Algonquin." The change in 
configuration and extent of successive lakes was thought by 
Spencer to depend wholly on differential uplifts in the northeast, 
which turned the gulfs into lakes, the straits into outlets, and 
continuing, caused the abandonment of certain outlets in favor of 
others. Three probable outlets were under examination at this 
time, for Lake Algonquin : that at Port Huron, along the present 
line of discharge; one across Balsam Lake at Kirkfield, Ont., 
and down the Trent River* — discovered by Spencer and soon 
discarded by him (to be again brought into consideration by 
Gilbert) ; and the low pass east of Lake Nipissing, between 
North Bay and the head of the Mattawa valley, first pointed out 
by Gilbert in 1890t and later studied in detail by Taylor. 

In 1886 Frank Leverett began a study of the old lake beaches 
near the head of Lake Mchigan, which was continued interrup- 
tedly for ten years, and published in final form in his monograph 
on ''The Illinois Glacial Lobe."$ 

Earlier reports by Leverett were printed in the Transactions 
of the Wisconsin Academy of Sciences§ and in a bulletin of the 
Chicago Academy of Sciences.^! The lake which occupied the 
south end of the Michigan Basin was named by Leverett ''Lake 
Chicago," and its three shore-lines (formerly recognized by An- 
drews) were named the "Glenwood" (55 foot), the "Calumet'* 
(35 foot)i, and the "ToUeston" (25 foot) beaches. Althoiugh 
altitudes at different points along these beaches were somewhat 
discordant, no proof of other than a horizontal position of the 
Lake Chicago water-planes was found. The beaxjhes were not 



*For the looaition of this supposed outlet, see Fig. 2, and the index 
map — opiate 3. 

t Sixth A^mual Report of the CJommissioners of the State Reserva- 
tioa at Niagara, p. 72. 1890. 

J U. S. Geol. Survey, Monograph 38, 1899. 

§ 'Haised beaches of Lake Michigan." Wis. Acad. 9ci. Transactions^ 
vol. 7, pp. 177-192. 1889. 

^ "The Pleistocene Features and Deposits of the Chicago Area." ChL 
Acad. Sci. Bulletin No. 2. 1«97. 
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traced north of the Wisconsin line by Leverett ; but on the basis 
©f Chamberlin's observations it was thought that they continued 
at least as far as Racine. 

The name ' * Lake Algonquin ' ' was first used in 1888 by J. W. 
Spencer* to designate the sheet of water which overspread the 
basins of Superior, Michigan, and Huron after the dismember- 
ment of Lake Warren. The shore-line which constitutes the re- 
cord of this lake was named the * * Algonquin beach, ' ' and the out- 
let by which the lake was thought to have discharged through the 
Trent valley in Ontario has been called the ** Algonquin river." 
Spencer had spent the field season of 1887-1888 in exploration 
and study of the Algonquin beach in the province of Ontario 
around the eastern borders of Lake Huron and Georgian Bay, 
and had suggested the appropriate name ** Algonquin'' after the 
tribe of Indians who once used the raised beaches near Georgian 
Bay for trails. 

In 1891 Spencer published an interesting paper entitiled ** Def- 
ormation of the Algonquin Beach, and Birth of Lake Huron, "f 
in which the course of this shore-line east of Lake Huron and 
Georgian Bay and its slanting attitude are described in detail 
At the same time, information is given regarding the associated 
ahore-lines which stand both above and below the Algonquin. It 
j& significantly stated that **upon surveying, the beaches are all 
found to rise in altitude toward the north and east with a 
alightly increasing divergence between the ridges in the same 
direct ion. ":|: 

In many places about Georgian Bay the Algonquin beach 
is said to be ** broken up into a series of prominent ridgelets, 
the lowest being, where developed, as much as 28 feet below 
the upper.'* Spencer recognized further that ''these rates of 
higher differential uplift [of the Algonquin and two higher 
beaches calculated at 1.71, 1.50 and 1.33 feet per mile] are re- 
duced at their more southern extensions, but increased to two 



* "Notes on the origin and history of the Great Lakes of North Amer- 
ica." (Abstract). Am. Assoc. Adv. Sci., Proc, vol. 37, pp. 197-199. 1889. 
t Am. Journ. Sci., vol. 141, pp. 1^-21. 1891. 
X Ibid. p. 19. 
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feet, or somewhat more, at their more northern,''* reaching 
even 4.1 feet per mile north of Lake Simcoe.f These observa- 
tions are of great importance in showing that (1) the uplift of 
the land which raised the shore-lines was differential in amount, 
being greater in the north so as to tilt the Algonquin and other 
beaches towards the south; (2) in each case the shore-line is 
tilted more steeply in the northern part of the region than in 
the southern, showing that the movement was in effect not a sinL- 
ple plane tilting but a warping of the surface; (3) each shore- 
line has been tilted more steeply than the one next below it, and 
less steeply than that next above. This indicates that the tilting 
movem^its were going on during the formation of the shore 
lines instead of wholly at the close of the history of the series. 
The average rate of tilt on the east side of Lake Huron, from 
the south end of the lake northward to Southampton was esti- 
mated by Spencer to be 1.33 feet per mile; but this estimate 
involves the assumption that the Algonquin water-plane »>utli 
of Spencer's southermost ordinate (Grand Bend) continues to 
descend and is submerged 20 feet at Port Huron, an assumption 
which has more recently been found incorrect. The tilt rate if 
computed from Spencer's actual measurements, between Grand 
Bend (602 feet, above sea level) and Southampton (714 feet), a 
distance of 90 miles in a north-northeast direction, is 1.24 feet per 
mile. North and east of Southampton, on the southern shore of 
Georgian Bay, the rate of steepest ascent was found to be about 3 
feet per mile in a direction N. 20° E. East of Geor- 
gian bay, in the Lake Simcoe region, the mean rise was estimated 
at 4.1 feet per mile, in a direction N. 25® E. The 
course of the Algonquin beach north of Kirkficld, between Lake 
Simcoe and Lake Nipissing was not continuously followed ; but a 
gravel ridge at Burk's Palls, about 1,171 feet above sea level was 
thought by Spencer to mark the northern extension of the shore. 
It was further estimated that the beach would stand 600-700 feet 
above the bottom of the pass east of Lake Nipissing (707 feet 
above the sea). 

Spencer takes the view that there was no ice-dam across the 
Nipissing pass (and several other low passes between the lakes 

♦ Ibid. p. 15. 
t Ibid. p. 16. 
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end Iludnon '» Bay) but that the paas was occupied at first by a 
deep Mtrait counecting an inland '^ Warren Gulf" with the 
ocean ; by repeated uplifts this inland gulf was raised above sea 
level to form a lake; the Nipissing pass was occupied as an out- 
let during successive stages until it was finally lifted higher than 
the pass at Port Huron, and the lakes overflowed the southern 
rim of the Huron basin into Lake Erie. This view of con- 
tinental warping without ice-dams was urged again by Spencer 
in a paiMjr before the Geological Society of America in Decem- 
ber, 1890.» 

Asmuning that the tilt of the Algonquin shore-line in the 
Laki) Michigan basin is comparable to that iu Lake Huron, 
Spencor estimated a submergence of the Algonquin water-plane 
290 foet below Lake Michigan at its head. At Mackinac Island, 
at the northern end of Lake Michigan, a shore terrace at 190 
feet was Regarded as a mark of the Algonquin water-plane. — 
*' Accordingly tilting in the Michigan basins has amounted 
•inoo the Algonquin episode, to about 430 feet in 300 miles, or a 
little nu>i\). This approximation is dose upon the mean rate 
of uplift mwisured east of Lake Huron. ''f This conclusion of 
submorgonoo of the Algonquin beach near the southern end of 
Lake Michigan, like the similar conclusion of submergence in 
the Huron basin, was drawn on insufficient evidence, as pre- 
viously iiMuarkod. 

Sponcor furUiermore advanced the idea that the Algonquin 
waU^r-pUuie in tlie wes?t-em part of the Superior basin had been 
submoi^god by i\>oeut backing of the waters* — an indication of 
this tilt btnng imagined in ^'the open bays behind the bars, 
whioh iMit off Fond du Ijao, at Duluth."J Regarding the sup- 
jh^ihI ovm^flow of Lake Algonquin via Balsam Lake and the 
Tn^nt Rivor» einphasixtHl in tlie earlier paper,§ Spencer considers 
tlu^ pass tw sliallow to have drained Lake Algonquin after its 
vi*ry highest stagi^ The Nipissing pass stands much farther be- 
low tht^ Algonquin water-plane. 

^ *^Post Plloc^iie subsidence versus glacial dams.** G€oL Soc Am. BulL 

t Am. Jour. Sci.. $nl serl<M;» vt^. 41> pp^ IS-ld. ISSl. 

4: Uk\ cit 

§ AoK^r. Assoc. Adr. 8el.« Proc* toI. ST. k^ 197-199. 1S89. 



HISTORICAL REVIEW. 23 

"WMle Spencer was still studying the Algonquin beach about 
Lake Huron, Frank B. Taylor, in the autumns of 1890 and 
1891 carefully examined the old shore-lines near the northern 
extremity of lower Michigan and on Macinac Island, and pub- 
lished on account of them in the American Journal of Science.* 
The ** Algonquin beach'' of Spencer was recognized in a well- 
built series of parallel stony ridges on Mackinac Island, the low- 
est 170 feet and the highest 205 feet above Lake Michigan. 
Taylor showed satisfactorily that the 205-foot beach marks the 
highest level of submergence in the northern end of tW Michigan 
basin. At Petoskey a heavy shore-line (probably the same) was 
found at 100 feet and at Traverse City an old delta at about 
80 feet. Other kinds of evidence, such as the upper limit of 
wprked-over drift and the altitude below which streams follow 
curiously deflected courses were presented by Taylor to prove 
that the Algonquin shore is the highest one in the Lake Michi- 
gan basin, and that Lake Warren did not extend so far westward. 
Although he accepted the idea of ice-dams for the higher beaches 
of the Erie and Ontario basins, Taylor at this time favored the 
view that Lake Algonquin was an inland gulf at sea level, as 
suggested by such facts as marine species of crustaceans in Lake 
Superior, whale fossils in gravel near Lake Champlain, and 
marine clays 520 feet above the sea at Montreal. 

In the summer and fall of 1893 in company with Dr. F. S. 
Pierce of Philadelphia, Taylor followed the shore-lines rapidly 
through northeastern Wisconsin from Mlanitowoc around Green 
Bay and into the upper peninsula of Michigan, reconnoitering 
the south shore of Lake Superior from Duluth to Sault Sainte 
Marie, and the Canadian coast north of North Channel from 
the Sault east to Lake Nipissing, and thence south to 
Lake Simcoe. The results of this long excursion are set forth 
in four papers.f 

* Am. Jour. Sci., 3rd series, vol. 43, pp. 210-218. 1892. 

t"The Ancient Strait at Nlplsslng." Geol. See. Am., Bull., vol. 5, 
pp. 620-626. 1894. 

"A Reconnaissance of the Abandoned Shore lines of Green Bay." 
Am. Geol., vol. 13, pp. 316-327. 1894. 

"A Reconnaissance of the Abandoned Shore lines of the south coast 
of Lake Superior." Am. Geol., vol. 13, pp. 365-383. 1894. 

"The Limit of Post-Glaclal Submergence In the Highlands east of 
Georgian Bay." Am. Gedl., vol. 14, pp. 273-289. 1894. 
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In the Green Bay region efforts were directed chiefly to find- 
ing the highest shore-line. Nothing of importance was seen 
south of Kewaunee, although Sheboygan, Manitowoc, and Two 
Rivers were visited. The general report for this stretch of 
shore was absence of old shore-lines due either to a cutting 
back of the cliffs at the present level or to a submerged position 
of the Algonquin water-plane. At Kewaunee evidences of a 
shore-line about 15 feet above Lake Michigan were noted, — ^but 
their importance somewhat overdrawn. At Sturgeon Bay a well- 
built beach, recognized as the highest of the series, was fol- 
lowed in several directions, and found to stand about 35 feet 
above the lake. Lower beach ridges were observed but not con- 
tinuously traced nor levelled. Lack of time prevented any ex- 
ploration of the long Door County peninsula north of Sturgeon 
Bay, or of the exposed Washington Island, although the inir 
portance of that part of the coast was realized at the time and 
conunented on in the paper.* At Green Bay several low sand 
ridges were found, but none rising above 20 feet. On the west 
shore of Green Bay — ^a broad flat stretch of cedar swamps — ^no 
definite beaches were seen, although delta-like deposits of sand 
and gravel cut by the railroad at Suamico, Oconto and Peshtigo 
seemed to represent higher levels. North of the Wisconsin- 
Mchigan line, however, distinct beaches were found and meas- 
ured by aneroid as follows : Birch Creek station (6 miles north of 
Menominee) 48 feet; Burnt Bluff 123 feet; South Bay hill (near 
Payette) 133 feet; Cook's Mills 168 feet. From these measure- 
ments Taylor concluded that the highest shore-line in the upper 
peninsula slants southward from Cook's mills at a rate of over 
2 feet per mile (measured in a due north-south direction) to 
Birch Creek, beyond which it declines more slowly, at about 8 
inches to the mile to Two Rivers, where it was estimated to 
pass under Lake Michigan. In so far as the northern portion 
of this beach is concerned the conclusion regarding the tilt rate 
in the upper peninsula has been abundantly confirmed by later 
studies ; it is also certain that south of Birch Creek the tilt rate 
decreases markedly; but there is now reason to think that 



♦Am. Geol., vol. 13, p. 327. 
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the highest shore-line becomes horizontal before reaehing the 
level of Lake Michigan. 

On the south coast of Lake Superior, Taylor found the highest 
shore-line well marked at several places; but on account of the 
rough and thickly wooded character of the country it was not 
practicable to follow it at all' continuously. Between Duluth 
and Marquette this shore-line is found to rise from 1,134 to 1,190 
feet above sea level. East of Marquette the highest shore stands 
at a considerably lower altitude, — 1.014 feet oii the Canadian side^ 
according to accurate measurements by Dr. A. C Lawson.* 
Taylor nevertheless correlated the highest beach at the Sault 
with those between Marquette and Duluth, merely remarking 
that the topmost beach west of Marquette *'is rather higher 
than would be expected when compared with other parts of the 
highest shore-line in the same basin," — ^i. e. at the east end of 
the lake and around Green Bay. The true cause of this anomal- 
ous condition was recognized by Taylor a few years later when 
he discarded the theory of marine submergence in favor of the 
ice-dam theory. An apparent discrepancy between Taylor's 
observations on the south shore of Superior and Lawson's on 
the north shore was also accounted for by Taylor after the ice- 
dam theory was accepted. The close accordance of the highest 
water-plane in the Superior basin with the col at the head of the 
St. Croix valley is remarked in Taylor's paper, but not given 
much importance. The idea of marine submergence, with in- 
land connection by several straits across the height of land north 
of Lake Superior, and perhaps also south of the Great Lakes, was 
uppermost in Taylor's mind at this time. 

Evidences of submergence at lower levels were also observed^ 
but especially the **Nipissing" shore-line, which stands never 
more than 50 feet above the lake/ and which on account of its 
accessibility and remarkable strength of development wa« traced 
rather continuously in the eastern part of Lake Superior from 
Portage Lake canal to the Sault, and thence eastward along the 



♦"Sketch of the coastal topography of the north side of Lake Supers 
lor, with special reference to the abandoned strands of Lake Warren." 
Minnesota Geol. & Nat. Hist. Sur., 20th Ann. Rept., pp. 181-289. 1893. 
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Canadian shore to Lake Nipissing. Sharply cut terraces and 
blufEs are characteristic of this Nipissing shore-line; but at each 
large bay it takes the form of a great barrier ridge, built by 
the shore drift. Lake Autrain, Lake Independence, Pine Lake, 
Lac la Belle, and others occupy the hollows behind these old 
barriei-s. Taylor places the Nipissing beach 20 feet above Lake 
Superior at L'Anse, 40 feet at Keweenaw Point, and 25 feet at 
Marquette. The discordance of altitudes was regarded as sys- 
tematic, indicating a southwestward slant which would bring the 
shoreline below the level of Lake Superior near Duluth. The 
correlation of these fragments of shore-line iuto a single water- 
plane might now be questioned. At Sault Ste. Marie a strongly 
cut terrace 50 feet above the level of Lake Superior was continu- 
ously traced through the strait and found on St. Joseph's and 
Sugar Islands. Along the Canadian shores from the Sault east- 
ward to Lake Nipissing strong beaches were seen at levels which 
seemed to indicate a uniform rise of the Nipissing shore to an 
altitude of 743 feet '(above the sea) at North Bay, nearly a hun- 
dred feet higher than the ** Nipissing" beach at Sault Ste. Marie. 
This 743-foot shore-line is strongly developed on the north 
side of the pass between Lake Nipissing and Trout Lake (the 
source of the Mattawa River), and its evident connection with 
the use of the pass as an outlet for the Great Lake waters led 
to the application of the name ** Nipissing" beach.* At higher 
levels fragments of several strong shore-lines were found and 
measured, and the unexpected discovery was made that the 
highest beaches on the south side of the pass (at South River 
and Sundridge) are decidedly lower than the highest on the north 
side, although still farther north (from North Bay to Cartier) 
the uppermost beach indicates again a northward rise. While it 
is easier to explain the drop in level of the shore-lines at the 
Nipissing pass by the removal of an ice-dam and the abandon- 
ment of the original level for one considerably lower, that view 
was not expressed by Taylor at this time; for he continued to 
favor the theory of Spencer that at the highest stage the Al'gon- 



* Recent studies by Taylor place the Nipissing beach at 700 feet 
(not 743 feet), at the North Bay pass. 
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•quin waters were at sea level and were connected with the sab- 
merged St. Lawrence valley and Hudson's Bay by several deep 
-straits. The strait across the Nipissing pass was estimated by 
Taylor to Jiave been at least 500 feet deep and 25 miles wide. 
Other straits were supposed to have crossed the northern height 
>of land near Lakes Abitibi, Nipigon, Kenogami, and Missinabi. 

The region east of Georgian Bay, between Lake Nipissing and 
Lake Simcoe is described in Taylor's fifth paper* as very irreg- 
tdar in topography, involving the presence of many islands and 
long narrow straits during the stages of submergence. The shore- 
lines were nevertheless discovered at many places along the line 
of the Grand Trunk Eailway, and measurements obtained on 
them. The rate of inclination between ordinatesf (in a north- 
«outh direction) is as follows: 

South River to Sundridge about 3 feet per mile. 

Sundrldge to HuntsvlUe 6 feet 2 Inches. 

Huntsvllle to Bracebrldge 1 foot 2 Inches. 

Bracebrldge to Orllla 4 foot. 

The ordinate at Braoebridge is regarded as poorly determined; 
but even this cannot take from the figures the suspicion of im- 
perfect correlation, since it involves so very unsystematic a. tilt 
rate from place to place. 

Excursions were also made by Taylor in the fall of 1893 to 
<3ritical localities in the vicinity of the Straits of Mackinac, the 
full results of which were published in his sixth paper, **The 
Mhinuscong Islands, "f These are a small group of hills, 
formerly islands in Lake Algonquin, . lying seven miles 
north of Hessel, and fourteen miles north of Mackinac. The 
liighest Algonquin shore-line was found here at about 280 above 
lake Michigan. 
In his paper on ''The Second Lake Algonquin," in 1895^, 
Taylor reviewed the data previously collected concerning the 
lower or ''Nipissing" beach of Lake Algonquin; then conjsdder- 

• Am. Geol., vol. 14, pp. 273-289. 1894. 

t Am. Geol., vol. lo, pp. 24-33. 1895. 

t Am. Geol., vol. 15, pp 100-; 20 and 162-179. 1895. 
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ing at length the attitude of the deformed Nipissing water-plaae 
and entering upon many theoretical considerations, he drew 
conclusions regarding successive movements which, have de- 
formed the beaches and shifted the outlets. The problems of 
lake history in this form become decidedly complex, and involved 
in the assumption of a drowned position of the Algonquin water- 
planes at the southern ends of Lakes Huron and Michigan, re- 
gions then not thoroughly investigated. The considerations of this 
paper are largely theoretical. Beginning with the supposed early 
submergence beneath the sea, the history of deformation of the 
higher beaches of Lake Algonquin is briefly reviewed. Following 
recent statements by Spencer, the idea of the use of the Trent 
River valley as an outlet is given up. The paper proceeds to a de- 
tailed consideration of the dependence of water-planes upon shift- 
ing outlets, and an application of simple principles is made to 
the observed and assumed facts, whereby a series of earth move- 
ments is worked out as follows: A slight tilt towards the south 
brought the Nipissing pass at North Bay up to and above the 
level of the pass at Port Huron. Lake Algonquin at once com- 
menced to overflow into Lake Erie; the Nipissing beach was 
raised, while the Nipissing pass was abandoned. These move- 
ments continued for some time, at a uniform and slow rate, 
raising each successive water-plane to a southward slanting posi- 
tion, the hinge line being an east-west line through the Port 
Huron outlet. The evidence of these movements is found in a 
series of beaches along the south Superior shore, below the Nipis- 
sing. Meanwhile the lake waters at the southern end of the Mich- 
igan basin are thought to have risen on the coast, drowning the 
Nipissing plane ; and the waters in the Superior basin to have be- 
come separated by the Sault barrier. Then a second uplift is de- 
duced which tilted the water-planes towards the southwest, there- 
by deforming the raised beaches so that their direction of 
maximum ascent became N. 27^ E., raising the outlet of Lake 
Erie so as to flood not only that basin but also the southern 
part of Lake Huron, drowning the water-planes at the head of 
Lake Michigan still more, and backing the waters into the Lake 
Superior beasin so as to drown the earlier hypothetical "Sault 
beach." 

Taylor speaks of the beaches in the Michigan basin in these 
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w(M*ds: **The upper beach [Algonquin] descends gradually 

southward on both sides of Lake Michigan and lies only 50 to 
75 feet above the Nipissing beach where the latter was last seen 
toward the south. The declivity of the upper beach grows less 
towards the south and it there forms a plane nearly parallel 
with that of the Nipissing. Possibly the earlier observations 
of Dr. Andrews and Mr. Bannister carry the identity of some 
of these beaches farther south, but although I have not yet seen 
their papers, it seems improbable that such is the case. For, as 
stated in the third paper, the upper beach passes under Lake 
Mchigan on the west side at Two Rivers. On the east side it 
is estimated to pass under the lake at a point about sixty or 
seventy miles south of Traverse City, probably near Ludington 
or Pentwater. The higher levels described by these observers 
and Mr. Leverett at points farther south certainly have no ex- 
tension in the north. They are probably fragmentary and mark 
the shores of a lake of the glacial recession which had its outlet 
at Chicago. It is estimated that the Nipissing beach passes 
under the present lake at points about thirty miles north of 
Menominee and fifteen miles north of Traverse City. Neither 
the Nipissing nor the upper beach, therefore, has any connection 
with the Chicago outlet unless they change the attitude of their 
planes southward in a very exceptional manner. ' '• 

In **The Nipissing Beach on the north Superior Shore, ''f 
Taylor sought to identfy the Nipissing plane from among a 
large series of accurate measurements made in 1893 by A. C. 
Lawson. A particularly strong shore-line, thought to be the 
Nipissing, is found at many places on the north shore, reaching 
at the most northerly point a height of 100 feet above the lake. 
This suggests that the inclination of the Nipissing plane across 
Lake Superior is no greater than along the southern shore, in 
spite of the fact that the plane east of Sault Ste. Marie to 
North Bay, is more inclined than farther south. The isobases 



•Op. cit. pp. 107-108. That the beaches do change the attitude of 
their planes Bouthward, in both the Lake Huron lajnd the Lake Michi- 
gan basins, has since been demonstrated by Taylor himself, by others 
working in Michigan, and by the present writer in Wisconsin. 

t Am. Geol., vol. 15, pp. 304-314. 1895. 
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for the Nipissing plane, therefore^ on the Canadian side, seem 
not to ran parallel to those across Huron and northern Michi* 
gan, but to diverge from them west of and to the Sault.* 

A letter from Taylor in the American Geologist for April 
1896,f clears up many of the hitherto disputed points of Great 
Lake history. Taylor had spent the preceding summer visiting 
critical portions of the region, with much profit. Of chief 
significance was his discovery that the passes through the height 
of land north of the Great Lakes are not marked by shore-lines,, 
and seem therefore not to have been straits at any time. The 
highest beach near each of these passes lies well below the Algon- 

• 

quin water plane (as produced from its position farther south) ^ 
**To my mind the disproof of the northward straits from Lake 
Superior greatly weakens the marine hypothesis, and it 
strengthens the glacial hypothesis correspondingly. "J Led in 
this way to discard the theory of marine submergence,, 
theory were cleared away by the ice-dam hypothesis ; for ex- 
ample, a sudden break in the old ^ater-plane at Petosky, and 
the correlation of the highest beach at Marquette with that of 
Green Bay, despite a surprising steepening of the tilt rate which 
it involved. **The interval of distaace [between the northern 
coast of Green Bay, and Marquette] was too great for the infer- 
ence of continuity. I entertain no doubt now that the beach at 
the former place was made after the withdrawal of an ice dam 
which held up the water at the latter. "§ The **easy possibility'*^ 
of an ice-dam for Lake Algonquin became apparent after a visit 
to the Ottawa River. 

Certain changes in nomenclature of beaches and lakes now be- 



• Taylor's more recent studies, placing the Nipissing beach at 700 
feet (instead of 743 feet) east of Lake Nipissing, lead to the con- 
clusion that the isobases of deformation of the Nipissing plane main- 
tain a parallel direction across the whole district, even to the North, 
Bay pass. The Nipissing water-plane has been evenly tipped rather than 
warped. 

t "Prelimiaairy notes on studies of the Great Lakes made in 1895."* 
Am. Geol., vol. 17, pp. 2^53-257. 1896. 

t Ibid. 256. 

§ Loc. cit. 
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came desirable. The first and second Algonquin lakes be- 
came respectively **Lake Algonquin'' as originally used by 
Spencer and the **Nipissing Great lakes;" and the correspond- 
ing shore-lines were now termed the ''Algonquin'* and Nipifi^- 
sing" shore-lines. These two great strongly developed strands 
are the only ones which mark critical stages for the whole 
area of the three upper basins. A traverse of the Mchigan 
shores shows that ''the beaches of Lake Warren do not extend 
north beyond Alpena, Michigan, if indeed they reach that 
place,"* though they were found on the west side of Saginaw 
bay. The outlet of Lake Warren was "westward through the 
Pewamo channel into the Michigan glacial lake, and this emptied 
through Chicago. But Lake Warren never extended around 
the northern side of Michigan, nor did it ever include any part 
of the Superior basin." On the north coast of Lake Superior, 
the Nipissing beach was easily identified, and found to rise from 
61 feet above the lake at Port Arthur to 115 feet at Peninsula 
Harbor. Thus the slanting attitude of Lawson's lower beaches 
was established for the first time by observation. Taylor found 
no evidence, however, of similar tilting in the highest beach 
on the Canadian shore. The Nipissing beach was followed easU 
ward from the Sault half way to North Bay. A full report of 
this study on the north Superior shore was published later, in 
1897.t 

Regarding the relation of the Algonquin and Nipissing shore- 
lines to those near the south end of Lake Michigan. Taylor 
wrote: 

' ' The higher beaches of the western end of the Superior basin 
have no extension south over the Green bay area nor do any of 
the beaches which connect with the Chicago outlet reach as far 
north as Escanaba. My own observations seem conclusive on these 
points. Neither the Algonquin nor the Nipissing beaches have 
any connection with! the Chicago outlet, nor do either of them 
extend to the Erie basin. Both pass to, or a little below, the 
head of the St. Clair River, "t 



•Ibid. 257. 

t "Notes on the abandoned beaches of the north coast of Lake Super- 
ior." Am. Geol., vol. 20, pp. 111-128. 18$7. 
X Am. Geol., vol. 17, p. 257. , 
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These statements about the beaehes in the southern parts of 
Lakes IVDchigan and Huron, since disproved by Taylor and 
others, seemed to be justified by an exploration of the coasts of 
the lower peninsula of Michigan, from Saginaw Bay past Mac- 
kinac to Manistee, where Taylor reports that **both the Algon- 
quin and Nipissing beaehes were found developed in fine form, 
and both were traced with substantial continuity from their 
nodal points on the east coast northward and upward to the 
strait, and then southward and downward to their nodal points 
on the west coast."* The Algonquin water-plane was thought 
to pass under Lake Huron a few miles south of HarrisviUe, and 
under Lake Michigan near Old Mission Point, in Grand Tra- 
verse Bay. The altitudes previously conjectured are reported 
to have been confirmed in all but two or three instances. 

Now that a general agreement had been reached among 
workers on Great Lake history regarding the ice-dam 
theory, as against that of marine submergence, attention was 
turned to other points. The extent of Lake Warren was 
discussed by Taylor and Upham,f the latter maintaining that 
Lake Warren entered the Michigan and Superior basins, al- 
though Tay tor's examination of the beaches around the borders 
of Michigan had led him to the opposite conclusion. The com- 
plete independence of the Algonquin and Nipissing planes and 
the distinctness of their shore-lines was repeatedly emphasized 
hy Taylor, the Nipissing being described as a shore line of ma- 
ture development, stronger and more conspicuous than the Al- 
gonquin. 

In a report on his examination of the Nipissing pass,j: Taylor 
gives additional evidence to show the abnormal drop in level of 
the highest beach in this district, and again accounts for it by 
diflFerential warping near the pass. The problem of the date 
of opening of the Nipissing pass by the breaking of the ice-dam, 
— ^whether it was before or after the deformation of the Al- 
gonquin plane, is discussed at some length, but without arriving 
at a positive conclusion. 



•Ibid. 254. 

fin correspondence in the American Geologist 
X "Notes on the Quaternary geology of the Mattawa and Ottawa val- 
ley." Amer. Geol., vol. 18, pp. 108-120. 1896. 
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Attention was also directed once more in 1895 to the Kirk- 
field or Trent River pass, the line of drainage which had been 
discovered by Spencer, at first thought by him to drain Lake 
Algonquin, and called the *^Algonquin River." Spencer had 
soon discarded the idea, because it did not harmonize with 
his later views of general marine submergence. Gilbert, ex- 
amining the pass in 1895, reported unmistakable evidences of a 
powerful stream which had excavated a broad, rock-floored 
channel in the stretches between neighboring lakes of the Trent 
Basin.* The marks of this old river do not cease at the Iroquois 
plane, but can be followed all the way down to Lake Ontario at 
Trenton. The conclusiong which Gilbert drew, therefore, are: 
** (1) that the Algonquin water was a lake and not a gulf; (2) 
that during the epoch of the Algonquin River the Niagara 
drained only the Erie basin; (3) that the waning of the ice 
sheet opened the upper St. Lawrence valley before it opened 
the Mattawa valley." A recent discovery of Taylor's of the 
Algonquin beach a few feet above the level of the lake at Port 
Huron and Samia, coupled with the slanting attitude of the old 
water-plane, and with this study of the Algonquin River, led 
Gilbert to infer that *Hhe outlet of Lake Algonquin was diverted 
by terrestrial deformation from Kirkfield to Port Huron" and 
that the ice front withdrew from the St. Lawrence valley and 
Lake Iroquois disappeared before the deformation and the shift- 
ing of the outlet. 

In 1896 Gilbert carried on careful investigations to determine 
the present stability of the Great Lake region, and reached the 
conclusion that diflFerential uplifts similar to those which de- 
formed the Algonquin and Nipissing water-planes are still 
going on. This view had been expressed as early as 1869 by 
G. R. Stuntz, a land surveyor at work near the western end of 
Lake Superior, who saw there indications of recent rising of the 
lake upon the land, in the drowning of the mouths of rivers now 
partly filled by swamp deposits, and in the disappearance of 
rapids on the St. Louis river west of Duluth.t The work of 



• "The Algonquin River." (Abstract) Am. Geol., vol. 18, p. 231. 
t"On some recent Geological Changes In Northeastern Wisconsin. 
Am. Assoc. Adv. Sci., Proc, vol. 18, pp. 205-210. 1870. 

3 



t* 
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Gilbert and Spencer on the deformed planes of Iroquois 
and Algonquin had raised the question whether the de- 
formation of the shore-lines is really finished or still in progress. 
The tilting of the Nipissing plane in the distance between North 
Bay and Port Huron (i)oints originally on the plane) had been 
found to amount to 140 feet; and this deformation waa 
produced within about 5,000 years, according to estimates of the 
time required to cut the upper gorge of Niagara. Since such 
earth movements are gradual, 5,000 years seemed none too long 
a time for so pronounced a deformation ; thus the likelihood of 
present movements was emphasized;. Several points on the 
shores of the great lakes were selected by Gilbert ; viz. Escanaba, 
Milwaukee, and Port Austin, on the upper lakes ; and Cleveland, 
Port Colborne, Charlotte and Sackett's Harbor on Lakes Erie 
and Ontario. After careful 'elimination of irregularities of 
lake level due to wind, tides, etc., the present height of bench 
marks at each of these stations above the present lake-plane was 
determined with great accuracy. These meaaurements were 
then compared with similar measurements taken in earlier years 
(1876 for the three stations on the Michigan-Huron water- 
plane) ; and a small but definite increase in height of the more 
northerly points over the southern points waa found in every 
case. Assuming that the tilting affecting the whole region 
equally (that is, that it is a uniform plane tilting) and that the 
tilting is greatest in a direction S. 27° "W., and measuring the 
distances between the stations in that direction, it was found 
that the four independent pairs of measurements between the 
seven stations agree very closely, in determining a deformation 
amounting to 0.42 feet per 100 miles per century. The possi- 
bility of errors from various causes, affecting measurements of 
such slight absolute value was fully seen, aa well as the uncer- 
tainty in the assumptions regarding the nature of the tilting; 
but the remarkable harmony between the independent computar 
tions argues for the approximate correctness of the re^ta Thia 
study has been of unusual popular interest, because it suggests 
that in time the Port Huron outlet may be lifted as high as the 
old outlet at Chicago, causing the great lakes to flow into the 
Mississippi, and Niagara to diminish in volume and finally 
run dry. 
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Upham published his views on the history of the Great Lakes 
again in the American Geologist for Sept. 1896.* He persists 
in the opinion that Lake Warren overspread Lakes Michigan 
and Superior and had its outlet past Chicago, ** attaining an area 
nearly equal to that of the contemporaneous Lake Agassiz.^f 
Lake Algonquin is thought to have drained into Lake Iroquois 
past Port Huron and the ** river Erie" in the floor of the pres- 
ent shallow Erie basin. The use of the Nipissing pass as an 
outlet for the lake for any considerable period is disputed, it 
being thought that the uplifts had brought this pass nearly or 
quite up to the water-plane of Lake Algonquin before the dam 
broke. The Canadian geologists, Robert Bell and A. E. Barlow, 
are quoted as saying that they find no evidence of a great river 
in the Mattawa and Ottawa valleys. 

In the summer of 1896, Taylor completed a study begun by 
Gilbert on the beaches, outlets and moraines of the southeastern 
part of Michigan. Five well defined outlets were examined, by 
which Lake Warren had at different stages drained westward 
across the ''thumb" of Michigan to the Grand River and Lake 
Chicago.^ The independence of Lake Warren and the early 
lake of the Michigan basin was thus supported by a new line of 
evidence. The demarkation of successive ice-dams by water-laid 
moraines was carefully worked out, and the successive changes of 
outlet and configuration of an ancestral line of lakes, Maumee, 
Sagiuaw, Whittlesey, and Warren. In the autumn of the same 
year, Taylor examined once more the valley of the Nipissing- 
Mattawa River, finding in it ancient rapids, cataracts, and bowl- 
der pavements which testify to the occupancy of the valley for 
a considerable length of time by a strong river. § 

One of the most widely read accounts of the post-glacial 



♦ "Origin and age of the Laurentian Lakes and of Niagara Falls." 
Am. Geol., vol. 18, pp. 169-177. 189«. 
tibid. p. 172. 
J Correlation of the Erie-Huron beaches with outlets and moraines 

in southeastern Michigan." Geol. Soc. Am., Bull., vol. 8, pp. 31-58. 
1897. 

§"The Nipissing-Mattawa River the outlet of the Mpissing Great 
Lakes." Am. Geol., vol. 20. Correspondence, pp. 65-66. 1897. 



86 ABANDONED SBORE-HNES OF EASTERN WISCONSIN. 

history of the Great Lakes in Taylor's paper in the ** Studies in 
Indiana Geography."* This states the conclusions reached up 
to 1897, without going into detail as regards the facts on which 
the conclusions are based. Briefly, this is the history: LaJke 
iWarren and Lake Chicago were contemporaneous for a long 
time, the former discharging westward through the Grand River 
into the latter. At last, with the retreat of the ice front in New 
York state, the Mohawk pass was opened ; Lake Warren fell below 
its former outlet and was dismembered, with a strait across the 
ridge at Port Huron. At about the same time the Superior and 
Michigan basins were opened and united with Huron to form 
Lake Algonquin, with its outlet at Port Huron. Some time 
after this, the Niagara ridge rose above water and separated 
Lake Erie from glacial Lake Iroquois. Taylor's map of Lake 
Algonquinf shows the water-plane dipping under Lake Michigan 
to a depth of about 100 feet at Chicago. The retreat of the ice 
front so as to uncover Balsam La£e opened the Trent valley pass, 
and the level of Lake Algonquin sank (probably only a slight 
amount) to the Qew outlet. Differential uplifts were going on, 
so that in time the Trent pass was raised above the Port Huron 
pass and the outlet shifted to the south again. These uplifts con- 
tinued to raise the beaches to a slanting position, while a tongue 
of the ice sheet maintained a dam across the lower pass east of 
Lake Nipissing. At last this dam broke, the new pass opened 
and a new outlet was found at the northeast corner of the 
great lake; but the fall in level was probably slow and of slight 
amount, because the earth movements had brought the Nipissing 
pass up nearly to the Algonquin water-plane. A considerable 
time before Lake Algonquin fell, Lake Iroquois had been drained 
off by the retreat of the ice front from the Adirondack region. 
The falling of the waters to the Nipissing pass dismembered the 
lake into the ''Nipissing Great Lakes,*' of shape similar to Super- 
ior, Michigan, and Huron. The long duration of this stage is 
shown by the strength of cliffs, bay barriers and lagoon lakes. 



* "A short history of the Great Lakes.'' Chapter 10; in "Studies in 
Indiana Geography," edited by C. R. Dryer. 1857. 

t Reproduced in its general outlines (but modified in this particular) 
la Pig. 2. 
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The NipisHiiig plane rises towards the northeast, like the Algon- 
quin, but with remarkable uniformity, and at the rate of 7 inches 
to the mile. It is thought to pass under Lake Michigan to a 
depth of 100 feet at Chicago, under Lake Huron to 40 feet at 
Port Huron, and under Lake Superior to 25 feet at Duluth. The 
uplift of the Nipissing pass brought it finally to the level of the 
Port Huron pass, and the outlet southward to Lake Erie was reh 
vived. The occupation of different outlets at the different stages 
is thought to be recorded in the dimensions of different parts of 
the Niagara gorge. The narrow shallow gorge, three quarters 
of a mile long, from the railroad bridge to the Whirlpool basin 
was cut while the Nipissing pass drained the great lakes; the 
wider gorge above the railroad bridges to the falls, two and a 
fifth miles long, was cut after the outlet was shifted from the 
Nipissing pass to Port Huron. An estimate of the time taken 
to cut the upper section of the Niagara gorge, based on the 
modem rate of recession of Niagara, places the abandonment of 
the Nipissing pass at least 2,700 years ago. 

Crontinued investigation by Taylor and Leverett around the 
Huron and Erie basins, from 1897 to 1900, resulted in an elab- 
orate reconstruction of the successive positions of the ice front 
along ice-laid and water-laid moraines, and of the determination 
of the outline of the lakes at each stage. An account of this 
work, and an answer to certain criticisms by Spencer, who still 
held to the hyjwthesis of marine submergence, was given by Tay- 
lor in the American Geologist for 1899;* and has been greatly 
amplified, and embodied in Leverett 's monograph on **The Gla- 
cial Formations and Drainage Features of the Erie and Ohio 
Basins.''! 

« • 

RECENT WORK IN WISCONSIN AND MICHIGAN. 

Work done under the direction of the Geological Survey of 
Michigan in the last six or seven years by Dr. A. 0. Lane, Mr. 
F. B. Taylor, Dr. C. H. Gordon, the late Prof. I. C. Russell, and 
others, together with work now being carried on by Mr. Leverett 



•"The great ice dams of Lakes Maumee, Whittlesey, and Warren.'* 
Am. Geol., yol. 24, pp. 6-38. 1899. 
t U. S. Geol. Sury., Monograph 41. 190^2. 
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for the U. S. Geological Survey, has greatly extended the knowl- 
edge of old shore-lines in that state. Important parts of this 
work are still unpublished, but of that already in print refer- 
ence must here be made to the report on Huron County, by 
Lane,* and a more recent one by Russell, on the surface geology 
of the north shore of Lake Miichigan.f 

Lane's report on Huron County (the end of the '* thumb" of 
Michigan) is of particular significance to the present study be- 
cause that area corresponds to a critical portion of the eastern 
Wisconsin shore, where the reconstruction of the Algonquin and 
Nipissing water-planes is difficult. In Huron County, the Al- 
gonquin beach was found by Lane at a height of about 25 feet 
above the lake. On the eastern side of the thumb it is marked 
by cliffs, except where for a few miles it has been destroyed by 
recent cutting. On the west side of the thumb where the slopes 
are gentle, it is marked by dunes and marsh flats. Below the 
Algonquin beach four lower crests are frequently seen; but one 
which is particularly well formed and persistent at 14 feet, 
v^hich may be the Nipissing beach. A reference^ to river ter- 
races which seem to correspond to the beaches, recording suc- 
cessive lake levels, is of special interest, as a recognition of a 
principle which is emphasized in the present report on eastern 
Wisconsin. The Nipissing plane had formerly been thought to 
pass under Lake Huron north of Huron county. Lane argues 
for the presence of the Nipissing plane above the lake instead 
of below it ; the rivers, where they enter the lake show no reoent 
drowning, and seem never to have been adjusted to a lower base 
level than the present one. Following the method of Dr. An- 
drews, § Lane estimates the date of the old lake stages. Lake 
Algonquin seems to have come into existence 4,000 years ago. A 
chart showing the fluctuations in level of the lakes from 1800 to 
1900 (based on Whittlesey's data, and on the reports of the Lake 
Survey) is of great interest in showing in a graphic way the 



♦Mich. Geol. Surv., vol. 7, part II. "Geological Report on Huron 
County, Michigan." 1900. 

t "A Oeological Reconnaissance along the north shore of Lakes 
Huron and Michigasi." Geol. Surv. Mich., Ann. Rept 1904, pp. S3-11S» 

:|: In a foot note on page 76. 

§ In his paper of 1870. Op. cit. 
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monthly and annual fluctuations as well as the greater changes 
of level which occupy periods of a number of years' duration. 
The highest water level, in 1838, was approximately six feet 
higher than the stages of low water in 1811 and 1896. The rain- 
fall line, on the same diagram, brings out a manifest causal 
connection. 

Russell's report of 1904* confirms Taylor's observations on 
the Algonquin and Nipissing shore-lines around the north 
end of Green Bay and Lake Michigan, giving a more detailed 
description of these beaches and terraces, with several new meas- 
urements of altitude of the deformed water-planes- The north- 
eastward rise of the Algonquin plane, here averaging 2 feet per 
mile, but increasing towards the north, is confirmed; likewise 
the presence of several well defined shore-lines below the Algon- 
quin and above the Nipissing. The latter is most strongly 
marked of all. It is said to be tilted, also, but not so strongly 
as those above it. **The planes of both the Algonquin and the 
Nipissing beaches, in the region about the north shore of Lake 
Michigan, . . . are inclined downward from the northeast 
toward the southwest, the former at the rate of about two feet 
per mile and the latter 6i/^ inches per mile. At these rates of 
inclination the two beaches should coincide in the region about 
Menominee. The country on the west side of Green Bay be- 
tween Escanaba and Menominee for a distance of five or six 
miles inland, is low, sandy and swamps covered with dense vege- 
tation. It has not been examined in detail and only the position 
of the highest beach present and that at only a few localities, 
has been well determined. Precisely at what locality the two 
beaches referred to came together is not known. 

''To the south of Menominee, the Nipissing beach as repre- 
sented on a map published by Taylor, passes below the level of 
Lake Michigan, but observations made by Frank Leverett, as 
yet only in part recorded, seem to indicate that more tilting 
has occurred to the northward of a northwest and southeast line 
drawn through Lake St. Clair and the vicinity of Menominee, 
than to the south of such a line, and that the Algonquin and 
Nipissing beaches coincide in the southern half of the Lake 

♦ Op. clt. 
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Michigan basin, their combined records being a well defined 
beach about 15 feet above the present water level/'* 

These statements indicate some of the unsettled problems 
which are now engaging the attention of those engaged in the 
study of shore-lines near Lake Michigan. In the present re- 
port on the abandoned shore-lines of eastern Wisconsin some 
light will be shed on the behavior of the Algonquin and Nipis- 
fiing planes, on the west side of the Michigan basin. 

In recent years the Chicago district, formerly investigated by 
Leverett, has been studied by Dr. W. C. Alden, in prepara- 
tion of the Chicago Folio.f A brief resume of what is known 
concerning the beaches of Lake Chicago near the head of Lake 
Michigan is there given. Still more recently Alden has carried 
this study farther north, into Wisconsin, in his preparation of a 
report of "The Delavan Lobet and of the Milwaukee folio. § The 
terrace mentioned by Chamberlin in 1877 as occurring between 
Port Washington and Sheboygan has been followed by Alden 
as far as the northern boundary of the Port Washington sheet 
(near Belgium), and traces of a higher terrace and beach, 
thought to be the Calumet, have been recognized. From the 
Illinois line, the Toleston beach has been found to extend as far 
north as Kenosha, the Calumet to Racine, and the Glenwood to 
a few miles beyond Wind Point. Beyond that locality the 
Glenwood is thought to be represented in part by gravels and 
sands which are covered by a red clay formation, as if the 
ice h^d overrun the beach deposits in Glenwood times during a 
temporary re-advance. Near Fox Point a 15-foot terrace, sup- 
posed to be Toleston, was found. The two terraces north of 
Port Washington were provisionally referred to the Toleston 
and Calumet stages of Lake Chicago. No beach at Glenwood 
level was found north of the Wind Point termination. 



•Op. cit pp. 92-93. 

t Geologic Atlas of the United States. Chicago Folio, No. 81, U. S. 
Geol. Slirv. 1902. 

:|: "The Delavan lobe .of the Lake Michigan glacier of the Wisconsin 
Btage of glaciation and Kussociated phenomena." U. S. deal. Sarr. 
Prof. Paper No. 34, 1904. 

§ Geologic Atlas of the United States. Milwaukee Special Folio, No. 
140, U. S. Geol. Surv., 1906. 
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PROBLEMS UNDER CONSIDEEUTION. 

The problems which were kept in mind by the present writer 
during the season's field work axe naturally grouped around the 
history of the three lakes, Chicago, Algonquin, and Nipissing. 

(A) How far north could each of the Lake Chicago beaches 
be traced? Alden had apparently found the end of the Glen- 
wood beach beneath the red clay of the Milwaukee district; but 
tiie northern limits of the Calumet and Toleston shore-lines had 
not been determined, on the west side of Lake Michigan. On the 
east side, Leverett and Taylor had traced the Calumet northward 
to its probable end at Manistee, Mich, (opposite Manitowoc, 
Wis.). 

Are these Lake Chicago beaches tilted? Previous studies 
seemed to indicate that they were not. 

(B) How far south do the Lake Algonquin beaches extend? 
The Door county peninsula offered an exceptional field for col- 
lecting evidence on this point, as Taylor suggested in 1893; 
yet no one had visited it since the existence of Lake Algonquin 
and Lake Nipissing had first been recognized. The Algonquin 
beaches were found by Taylor only at Green Bay, Sturgeon Bay, 
and Kewaunee. 

How steeply are the Algonquin beaches tilted? Does the in- 
clination decrease, south of Sturgeon Bay, as the latest observar 
tions of Leverett, Taylor, and others in Michigan would in- 
dicate ? or does the Algonquin beach continue to slant southward 
at the two-foot-per-mile rate until it dips under the lake at 
Two Eivera? If the inclination of the water-plane does de- 
crease, do the Algonquin shore-lines become horizontal as far 
north as Two Rivers, and continue southward around the head 
of Lake Michigan at a height greater than has been supposed? 
Is the ** Algonquin*' thus perhaps the northward extension of 
the '* Toleston" beach of Lake Chicago? This would involve, 
of course, the use of the ** Chicago outlet" as an outlet for Lake 
Algonquin. 

(C) Does the Nipissing shore-line appear in Wisconsin at 
all? or does it gradually descend southward to a 10- or 15-foot 
level, and becoming horizontal encircle the head of Lake Mchi- 
gon, as the later work of Leverett and Taylor might suggest t 



42 ABANDONED SHORE-LINES OF EASTERN WISCONSIN. 

In that case, do the Algonquin and Nipissdng planes coincide 
in the southern part of the basin or does the Nipissdng plane 
overlap the Algonquin, or does the Algonquin become horizontal 
above the Nipissing plane and the two shore-lines encircle the 
head of the lake as separate beaches ? 

CONCLUSIONS EBACHED. 

Before presenting the detailed evidence these questions maj 
be briefly answered. 

!(A) The 60-foot and 40-foot beaches of Lake Chicago seem 
to extend as far north as Sheboygan. It seems probable that 
the more northerly portions of them were obliterated by the 
advance of the ice to the Manistee moraine. These higher 
beaches seem to have suffered little or no tilting. 

(B) The Lake Algonquin beaches seem to extend southward 
through Wisconsin with rapidly diminishing inclination south of 
Sturgeon Bay, becoming horizontal near Two Rivers, and en- 
circling the southern half of Lake Michigan as the "Toleston'' 
beach. This makes the Chicago outlet an outlet for Lake Algon^ 
quin at its highest stage. 

(C) The Nipissing water-plane seems to stand nearly hori- 
zontal along the whole Wisconsin shore, — ^absolutely horizontal, 
and 10 or 15 feet above the lake, south of Manitowoc. 
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CHAPTER III. 



DESCRIPTION OF THE OLD SHORE-LINES IN 

EASTERN WISCONSIN, 



THE DISTRICT SOUTH OF THE STATE LINE. 

South of the Wisconsin line, in Illinois, the beaches of Lake 
Chicago have been traced by Andrews, Alden, Leverett, and 
others. Three stages marked by three distinct shore-lines, are 
usually discriminated; the Glenwood or 60-foot, the Calumet or 
40-foot, and the Toleston or 20-foot beaches. From the Chicago 
district these beach ridges run northward to the lake shore, 
where they are successively cut off by the present lake cliff at 
Evanston, Gross Point, and Winnetka. The Glenwood shore-line 
passes into a high cut bluff and terrace, however, at Winnetka, 
a short distance before it reaches the lake. Appearing again at 
Waukegan, these beaches run northward past Zion City, reach- 
ing the Wisconsin state line about a mile inland from the present 
lake, and just west of the Chicago and Northwestern railway. 
Since the attitude of these Lake Chicago shore-lines, whether 
horizontal or tilted, has an important bearing on the correlation 
of the fragments, separated as they are by a twenty-five mile gap 
between Winnetka and Waukegan, and by much longer stretches 
in Wisconsin, where the present lake has destroyed previous 
lake records, it is profitable to consider briefly what is already 
known of the Glenwood, Calumet, and Toleston water-planes 
in Illinois. 
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The Glenwood stage was recognized by Andrews as com- 
plex, indicating several successive levels. Later, Leverett pub- 
lished measurements of the height of this beach at ten localities 
in Illinois. At Glenwood, the type locality, the beach ridge 
stands at 636 feet above sea level, or 55 feet above Lake Michi- 
gan. When compared with other measurements, this seems to 
register the highest level of the lake in Glenwood times. Below 
it are ridges at many places which mark successive lowerings of 
the lake while the Chicago outlet was being cut down; and 
these extend the Glenwood series down to about 627 feet, or 
46 feet above the lake, only a few feet higher than the Calumet 
stage. In the district between Waukegan and the Wiscon- 
sin line, also, the highest beach shows a complex structure. 
Three miles north of Waukegan it is 47 feet above Lake Michi- 
gan; west of Beach station its three crests are 46-49 feet; at 
Zion City two parallel ridges stand at 53 feet; and at the state 
line the beach is a few feet higher. Further study may demon- 
strate a tilting of this beach and of the lower shore-lines of 
Lake Chicago; but at .the present time there seems scarcely to 
be sufficient reason to suppose that any considerable tilting has 
occurred in this part of the basin of Lake Michigan since the 
Glenwood stage, particularly as beach ridges at about 60 feet 
have been found farther north, in Racine and Sheboygan coun- 
ties. The same statement applies to the Calumet and Toleston 
beaches, with certain exceptions which will be noted. 

KENOSHA AND EACINB COUNTIES. 

Facing the lake just west of the tracks of the Chicago and 
Northwestern railway where it crosses the Wisconsin state 
boundary is a conspicuous bluflE and terrace which has been re- 
ferred to the Toleston stage of Lake Chicago. (Plate V, Fig. 1.) 
It is plainly seen from the railroad train all the way from 
Waukegan, Illinois, northward to this point. In the whole 
stretch of several miles the terrace at the base of this bluff is 
never so high as 20 feet and usually but 13 or 14 feet above 
the lake. At the state line, leveling from the railroad places it 
at 594 feet, or 13 feet above Lake Michigan. This is ten 
feet lower than the crest of the Toleston beach ridge at Evan- 



WOconiin Qeol. and Nat. Hlit. Survey. Bulletin No. XVII. PI. V. 



DESCRIPTION. 45 

ston, Illinois, on the campus at Northwestern University, the 
nearest point south of Waukegan where shore-lines as low as 
this are preserved. It seems likely, therefore, that this 13-14 
foot terrace and bluflf corresponds rather to certain beach ridges 
of the Chicago district which stand below the main Toleston 
beach, in a closely set series ranging in altitude from 10 to 15 feet 
above the lake. The absence of any record of the Toleston stage 
at the State line is then explained by the mere presence of the 
bluflf, which records a recession of the shore-line so far inland 
during the 14r-foot stage that it destroyed the Toleston beach 
and developed a bluflf nearly twenty feet high. The idea that 
this marks the water-plane of Lake Nipissing may here be sug- 
gested, to await more thorough statement in a later chapter. 

On the brink of the Nipissing ( ?) bluflf at the State line there 
seems to be a faint ridge at an altitude of 35 feet above the 
lake, half cut away by the retreat of the cliflf. Farther south 
more distinct fragments of a beach ridge between 35 and 40 feet 
have been preserved, where the later cliflf recession has not gone 
on so far. It seems reasonable to suppose that this is the Calu- 
met beach, as other observers have stated. A short distance 
farther on, at the State line, a gentle slope leads up to the 
highest beach ridge, presumably the Glenwood, which here has 
a variable altitude of 53 to 58 feet. This beach ridge is fol- 
lowed for a short distance by the road to Kenosha, but soon 
swings oflf to the northwest. Not far west of the road at the 
State line is another ridge which stands about ten feet higher 
than the Glenwood beach and contains some stratified materials, 
but so far as could be judged this is one of those local glacio- 
lacustrine deposits which seem to have formed in pools or along 
temporary stream courses before the ice had wholly uncovered 
this comer of the Glenwood lake. 




Fig. 4.— Profile at the Illinois state line. 

The diagram (Fig. 4) shows the old shore-lines as they appe&r 
in profile at the State line. Bast of the railroad a broad marsh 
containing a large number of low sand ridges extends out to the 
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present lake shore. It is probable that the outermost of these 
beach ridges record merely fluctuations in level of the present 
lake dependent on rainfall ; others probably mark stages of low- 
ering from the 14r-foot plane to the Lake Michigan level as the 
outlet at Port Huron has been gradually cut down. 

North of the State line the railroad obliquely ascends the 
bluff by a long grade, and thence to Kenosha follows slightly 
higher ground, among indistinct beach ridges and dune ridges 
of stages which doubtless include the Toleston. The Glenwood 
beach ridge, which has turned farther inland north of the state 
line, stands more than a mile west of the railroad at the southern 
border of section 28. The road to Kenosha at the same sec- 
tion line follows a ridge whose crest is 48 feet above the lake, 
probably the Calumet ridge judging from its isolated position, 
although it is a few feet higher than the supposed Calumet 
beaches both south and north of this point. Possibly there has 
been some tilting of the Calumet beach; but the presence of a 
35-40-foot ridge a few miles farther north argues to the con- 
trary. The greater height at this point may be due tx) the accu- 
mulation or wind-blown sand. The extension of these beaches 
to Kenosha has been traced by Alden and others. The highest 
Glenwood beach lies about a mile and a half west of the city^ 
as can be seen from the contours on the Eacine sheet (U. S. 
Geological Survey). In places the beach gives way to a terrace 
and low bluff of till. 

North of Kenosha the Glenwood ridge has been traced some- 
what interruptedly past Racine to the shore four miles beyond 
Wind Point, where it is cut off by the lake. Levels run from 
the railroad westward along the Kenosha-Racine county line fix 
three closely set crests of the prominent Glenwood ridge at 
53, 54, and 56 feet above Lake Michigan. The termination of 
this ridge north of Wind Point is shown in Plate V, Fig|. 2. The 
Calumet beach ridge from Kenosha northward to the county line 
lies usually just west of the railt-oad, with an altitude of 38-42 
feet, determined by leveling in three places. Its off-shore sand 
deposits reach eastward to the lake, where they appear at the 
top of the freshly cut till bluffs continuously as far as Racine. 
Andrews and more recently Alden have traced the Caltimet 
beach across Wind Point at some distance back of the present 
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cliffs. Beyond Wind Point there is a stretch of fifty miles be- 
fore the Glenwood and the Calumet beaches reappear, north of 
Port Washington. 

PECUIilAB TOPOGRAPHY AT KENOSHA. 

In the northern part of the city of Kenosha is a district ex- 
hibiting several topographic features which have a peculiar 
interest, in connection with the study of lake shore processes. 
Bef erence to the Racine sheet will discover Pike River, which 
cuts across a till ridge half way between Kenosha and Racine, 
flowing eastward beyond the Glenwood beach about a mile 
to Berryville, and there, within three-quarters of a mile of 
the lake, turning abruptly southward and flowing for three 
miles more in a well defined valley until it finally reaches Lake 
Michigan near the Kenosha city limits. The lower course of 
Pike river is a clear case of stream deflection during the draw- 
ing down of the lake level and the advance of the shore-line. 
For a portion of this distance the river runs behind a broad 
Calumet beach ridge, following the axis of an old lagoon or 
protected swamp; but it soon crosses the Calumet shore-line 
obliquely near the raihx)ad and persists in a deflected south- 
ward course, reaching the lake just where the Toleston beach 
ridge seems to have been before it was mostly cut away by the 
waves. The deflection of this part of the stream appears to have 
been accomplished without the formation of any barrier reefs 
or bars, but by continual shifting of the mouth of the river 
by southward shore currents while the lake was falling from the 
Calumet to the Toleston water-plane. The same lowering of 
base-level caused the river to cut down a sharply defined valley 
to a depth appropriate to the present lake. Deflections like this 
are by no means uncommon along both the ancient and the 
modem shores of Lake Michigan and the other Great Lakes. 
They are the rule rather than the exception, in that part of 
eastern Wisconsin where shore topography has been preserved. 
Cases wiU be cited later where an abandoned beach bar which 
controlled the course of a stream, causing it to cut a valley 
parallel to the shore and close to it, while the lake was sawing 
back a line of cliffs on the outer side of the abandoned bar, has 
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caused the development of a peculiar elongated terrace which 
for lack of a better term I have called a **bar terrace." (See 
pages 64-65.) 

Another process which is on exhibition at Kenosha to an un- 
usual degree is cliflf recession. Under the attack of the waves a 
steep line of clay bluflfs is being cut back at an extraor- 
dinarily rapid rate. During each storm the waves saw hori- 
zontally into the red clay, while blocks of the compact but un- 
consolidated material tumble off into the lake from vertical or 
overhanging cliffs, supplying the waves with material for the 
construction of beaches. It is a remarkable fact, however, that 
the platform below the diflfe at the water's edge is hardly con- 
cealed with gravel or sand, but swept nearly clean, so rapidly is 
the debris transported. At three gaps in the line of cliffs, where 
the coastal slope is low, beaches are accumulating; and at these 
points the beach gravel is being shoveled into carts and rail- 
road cars in great quantities. As this process of artificial strip- 
ping has been going on at this locality for many years, it sug- 
gests one reason: for a local rate of cliff recession much faster 
than the average. There are certainly other reasons, how- 
ever, for a similar local activity of cliff cutting is found at 
several points on the eastern Wisconsin shore where artificial 
conditions do not enter into the problem. It is known, more- 
over, that the cliffs at Kenosha were rapidly retreating as early 
as 1847, before the beach gravels were stripped off to any ex- 
tent. Perhaps local instances of rapid cutting like this may 
depend on certain favorably conditions of exposure or configura^ 
tion of the lake platform, whereby the action of waves and 
shore currents is stimulated. 

As a result of the combined process of stream deflection, valley 
excavation along the deflected course, and rapid recession of the 
shore cliffs at the lowered level of the lake, a peculiar change 
of drainage has occurred near the mouth of Pike River. The 
Racine sheet shows a lagoon or bayou at Kenosha, where thd 
Life Saving station stands, which lies directly in line with the 
course of Pike River ; but is separated from it by the retreating 
lake cliffs for a distance of three-quarters of a mile. It can 
easily be demonstrated that this bayou was formerly the mouth 
of Pike River, and that the lake has severed it from the upper 
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port of the river by cutting a breach through the eastern wall 
of the valley and capturing the river at a point over half a mile 
above its mouth. Not only is this fact recognized by old resi- 
dents of Kenosha who have observed the retreat of the cliflEs 
for years and have heard stories of the condition of the shore 
in the days of settlement of the region; but it was concisely 
stated by I. A. Lapham as early as 1847, in a paper printed in 
the American Journal of Science.* *'At Southport, thirty-five 
miles south of Milwaukee, the bend of a stream has been car- 
ried away, so that its valley presents three openings to the lake, 
as represented in the figure . . where the dotted line 

represents the ancient state of things and the black lines the 
modem." 



Fift. 5.— The mouth of Flke river (trom Lapham's paper), a, Ancient coast; b, 

present coast; c, bayou; d, river. 

It is not known when the severing or intercision of Pike river 
took place; but a comparison of the present maps with those 
made in the early days should show considerable change in 
topography due to cliff recession, by which the distance between 
the lagoon and the active mouth of the river has increased. The 
most interesting feature, perhaps, is the repetition of early 
stages of the same process at two points just north of the present 
•river mouth, where in comparatively recent times the lake has 
eaten back into two sharp bends of the Pike River valley, open- 
ing out a wide breach at each place, which threatens a new 
intercision, with the production of another severed bayou. The 
contour map (Plate VI prepared by Mr. J. R. Banister, of 
Northwestern University) shows the topography much more 
faithfully than the less detailed Racine sheet. It is noticeable 
that the bayou valley is much narrower than the valley still oc- 
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cupied by the river. This may be accounted for by lateral plan- 
tation along the river banks ginoe the bayou was cut oflf ; for the 
river is today actively trimming its banks. Plate VII shows the 
two crescentiform hills which remain between the lake and the 
river and are separated by three openings where the lake has 
broken through. At the most northerly of these breaches in 
December, 1905, the storm waves were running over the top of 
the beach and washing gravel and sand across the flood plain to 
the side of the river itself, forming a water connection through 
the breach. The actual intercision of the river will probably be 
postponed until the lake-shore has been cut back nearly or 
quite to the opposite side of the valley, crowding the river back 
until its flow is obstructed by the beach ; but at any time before 
this stage is reached the river may break through the beach 
during a flood, and finding a shorter course to the lake, main- 
tain it. 

Three minor features incidental to the process of rapid cliflE 
recession are worthy of notice. (1) At each breach the retreat 
of the beach ridge exposes a thin deposit of peat, underlain by 
limonite conglomerate, the flood plain deposits of the valley 
across which the beach is being pushed. (2) In the vaUey of a 
former tributary to Pike River, which now runs directly to the 
lake just south of the river near the trolley station, the little 
intermittent stream has sunk a sharply defined valley two or 
three feet below the general valley floor, a delicate index to the 
recent lowering of its local base-level from Pike River to the 
lake. (3) A short distance north of the northernmost beach 
(as the map shows very distinctly) several typical cuspate fore- 
lands are developed in the lee of a broad beach terrace built by 
the southerly shore drift. One of these is seen in Plate VIII, 
Pig. 2, as well as the terrace which lies north of it, and whose 
border is itself thrown into cusps of smaller dimensions. A line 
of breaking waves not far off-shore indicates that a submerged 
sand reef extends southward from the terrace parallel to the 
shore. Perhaps the cusps are due to eddying currents between 
the shore and the strong southward-flowing current, which is here 
directed somewhat off-shore by a headland at the northern end of 
the broad terrace. The terrace is in that case the result of filling 
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in of the qniet water back of the headland by eddying (nureota, 
laden with shore drift- Figure 6 suggests this conditi(»i. 



Fls- S— Sketch map of cnapate forelaad uortb of K«iio>bi, abowlng tbe tuppoctd 

eddies IQ the ibore curreot. 

THE MILWAUKEE DISTEICT. 

Between the termination of the Glenwood beach near Wind 
Point and Port Washinton the active retreat of the clay blufb 
has removed almost all the old shore records. In the freehly 
cnt cliffs of the Milwaukee district a complex structure of lami- 
nated clays, till, and stratified sands and gravels is extensively 
exposed. This group of formations has recently received ex- 
haustive stndy by Alden, in preparation of the Milwaukee Folio* 
When complete, the section from the lake upwards is; (a) blue 
bowlder clay, the late Wisconsin till, which sometimes overlies 
a deposit of laminated and contorted red clays; (b) perfectly 
stratified sands and gravels of variable thickness and composi- 
tion, which have im average height of 55 feet above ttie lake, 
but locally reach up to 80 feet; (c) burying the gravels and 
sands, a deposit of red clay, usually finely laminated below 
and unstratified bowlder-clay above. Alden suggests that the 

• Oeol. Atlas of the United States, Ullwaukee Si>eclal Folio, No. HO, 
TJ. a Geol. Soft. 1M6. 
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buried gravels are Glenwood lake deposits, which were cov- 
ered by red clay during a re-advance of the ioe, — ^probably be- 
fore the close of the Glenwood stage, because beach ridges at 
an altitude of 60 feet occur superposed on the red clay deposits 
in the southern part of Sheboygan county. (See pages 54^55 of 
this bulletin). The red clay seems to be in part lacustrine (in- 
cluding bowlder clay dropped from icebergs) and in part ice- 
laid, indicating conditions of variable deposition along the front 
of an advancing ice sheet. The conspicuous red color of the 
clay, which does not extend south of the Milwaukee district, 
may, it is thought, be due to the introduction of red sediment 
from the iron-ore region of the Lake Superior basin at some 
time in the late stages of glaciation. 

The following description of a conspicuous wave-cut terrace 
and bluff at Fox Point is quoted from the text of the Milwaukee 
Folio. **0n the north shore of Whitefish Bay, and extend- 
ing a fraction of a mile within the bounds of the Milwaukee 
district, is an excellent example of an ancient cliff and wave-cut 
terrace, probably formed at the Toleston stage of Lake Chicago. 
This terrace, which is continuous for one and a half miles north- 
ward to Fox Point and for a mile north of this point has escaped 
the complete destruction which other phenomena suffered. This 
terrace has a width of ten to forty rods. From a level of a 
few feet above the present beach it rises gradually westward to 
the foot of the bluff, where it has an elevation of 15 to 20 feet 
above the present lake level. ' ' Without precise measurement of 
this Fox point terrace it seems fair to assume that like the other 
prominent fragments of shore lines below 20 feet along this part 
of the Lake Michigan shore, it registers a water plane of about 
14 or 15 feet altitude which stands about ten feet lower than 
the Toleston beach at Eyanston, Illinois, and may reasonably 
be distinguished from the Toleston for this reason, as well as 
because of its remarkably strong development. 

PORT WASHINGTON TO SHEBOYGAN. 

About five miles north of Port Washington the high cliffs of 
red day which face the lake for many miles beyond Fox Point 
suddenly give place to a turf -covered bluff with a poorly formed 
but definite bench at its base, 25 feet wide, and 14 feet above the 
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lake. This runs for 300 yards along the lake shore, back of the 
present beach. Behind it the old bluff rises some 65 feet above 
the lake. This imperfect strip of terrace, somewhat hidden by 
woods, is the first trace of old shore line to be found north of 
Pox Point. 

A little farther on, the fresh clay bluffs, about 50 feet high, 
are again replaced by an old bluff and shore terrace of a 14-foot 
stage. This terrace, at first narrow, soon broadens out until 
the old bluff stands a hundred yards back from the shore. Al- 
though from a distance the outline of this bluff, which is 45 
feet high and moderately steep, is sharply defined, a nearer view 
discloses imperfections in its form; it is blurred by ancient 
and modem landslides and worn by frequent ravines from 
which small cones or fans have been washed forward upon the 
terrace, raising its level; moreover the terrace is veneered 
with wind-drifted sand. Low bars of gravel, running along the 
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Fig. 7.— Profile of the shore, five miles north of Port Washington. 

terrace, close to the present beach, with their crests 10 feet 
higher than the lake, may be either off-shore subaqueous bars 
of the 14 foot stage, or beaches of a slightly lower level of the 
lake. 

About a mile north of the place where the 14-foot terrace first 
appeared, the old bluff is replaced by a second terrace and 
bluff, marking apparently a much higher stage. It is not nearly 
as well developed as the lower shore-line. The upper terrace, 
which Alden has suggested is possibly the Calumet or 40- 
foot shore-line of Lake Chicago, is generally, in this locality, 
a vague sloping platform, hardly sandy or gravelly in composi- 
tion, with a doubtful bluff behind it. On the east-west road 
south of the quarry east of Belgium (section 25) the double 
profile may be seen, as in Pig. 8 ; but neither higher :nor lower 



54 ABANDONED 8H0RE-LINEIS OF EASTERN WISCONSIN. 

terrace is sharply defined. The heights, therefore, 17 and 49 feet 
respectively, can only be approximate. 




Fig. 8— Profile south of the quarry, near Belgium. 

Two miles farther north (on the east-west road along the 
north side of section 14) the upper of the two shore-lines be- 
comes more definite and takes the form of two low bars of 
gravel, the higher a short but well formed gravel ridge near 
the road comer, 60 feet above the lake, and the lower a very 
flat bar at 48 feet, hardly more than a flattening of the long 
lakeward slope of the highest beach. The 14-foot shore-line on 
this road is marked by a low but unmistakable bluflE, beyond 
which a broad terrace with low sand ridges reaches to the 
present shore. 
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Fig. 9.— Profile a mile north of Belgium. 

Although the 14-foot shore-line is easily traced northward for 
several' miles, along the base of a steep bluflE thirty feet high, the 
higher beaches soon become lost in gravel deposits, whose form, 
if originally characteristic of littoral origin, is too poorly pre- 
served to be deteetedi And so on, past Amsterdam, the old shore- 
lines may be followed, the lower with ease, the higher with 
diflSculty and doubt, until east of Oostburg a distinct series of 
higher beaches is once more found. 

Above the clean-cut little bluflf of a 17-foot stage (Plate 
IX, Fig. 1) lie three closely parallel ridges at about 40 feet 
above the lake, the middle one (by **wye'' level) at 37 feet, with a 
higher and less regular ridge, perhaps a dune, behind it, and 
farther west, up the road, a well formed bar at 63 feet, in which 
freshly opened sand pits show the usual cross-bedded structure 
of beach gravels. North of this road, these higher beaches soon 
begin to fade away once more, although occasional ridges and 
frequent ambiguous gravel deposits seem to extend the record 
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nearly as far as Sheboygan. Even the bluff of the 15-foot stage, 
heretofore well marked, becomes low and hard to find north of 
the Oostburg road (in the town of Wilson). But some well- 
formed gravel and sand-bars which lie somewhat lower, and east 
of where the bluff is lost, run for a long distance through the 
woods until they break up into a group of old dunes. These, 
together with dunes of the present beach, form the backbone of 
the long strip of unfrequented coast that separates Black River 
swamp from the lakes. Doubtless many of these dunes date 
back to the time of the 14-foot stage of the lake, but they are 
as a rule quite bare and constantly shifting at the present time. 
On the west side of Black River, occasional low bars, 10 to 15 
feet above the lake, are to be seen; but higher beaches are too 
indistinct to be followed. 




Fig. 10.— Profile east of Oostbnrg. 

The correlation of the shore-lines of Ozaukee and Sheboygan 
counties with the beaches of Lake Chicago south of Racine is a 
problem of considerable difficulty. In mapping the Port Washr 
ington sheet for the U. S. Geological Survey, Alden doubt- 
fully correlated the upper (49-foot) terrace near Belgium with 
the Calumet or 40-foot stage of Lake Chicago, and the lower 
(14-foot) shore-line with the Toleston or 20-foot stage of the 
same lake. In a later chapter reasons will be given for regard- 
ing the 14-foot shore-line as the Nipissing. The higher, less 
distinct beach ridges undoubtedly belong to Lake Chicago. 

SHEBOYGAN. 

Although no definite marks of old shore-lines are to be seen 
near the city, there are extensive plateaus of sand and gravel 
which seem significant of former high level stages. The north- 
em half of the city is built on one of these deposits, which stands 
about 60 feet above the lake; and another, south of the city, 
including Lake View Park, is 40 feet. The sand underlying 
these flats is usually from five to ten feet thick, and well strati- 
fied. They may represent delta-like deposits of the Sheboygan 
River during a 40- and 60-foot stage. . . 
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At the east end of St. Clair St is a short 40-foot terrace, 
mentioned by Taylor as possibly part of an old shore-line; but 
little importance can be placed on it, as artificial grading for 
houses may have given it the flatness which makes it conspicuous. 

Northwest of the city the 60-foot sand deposit passes imper- 
ceptibly into a flat upland which the railroad follows to Mosel 
station. This flat belt is a mile and a half wide, reaching back 
from the lake cliflfs to a gentle but pronounced escarpment. Al- 
though it has at first sight the appearance of a 60-foot terrace 
with a low shore bluff, the absence of any considerable deposit 
of sand and gravel and of good beach topography makes it of 
doubtful value in settling the question of the extent of the 60- 
foot or Glenwood stage of Lake Chicago. As no well marked 
60-foot beaches were found north of Oostburg, it is possible 
that the Glenwood stage of Lake Chicago did not extend beyond 
Sheboygan. 

SHEBOYGAN TO MANITOWOC. 

From Sheboygan northward fresh red clay cliffs, from 40 to 
60 feet high, face the lake for several miles, until at the old pier 
at Centerville a 12-foot terrace and turf-covered bluff appear 
and run inland and northward around the village. From where 
the terrace first appears at the south end of the village to 
Iwhere it runs out again to the lake is somewhat more than a 
mile. Were it not for this small fragment of an extinct lake 
shore, there would be none between Sheboygan and Two Rivers, 
a distance of about thirty miles. At the north end of the village 
of Centerville, the steep high bluff appears conspicuously 
near the shore road, and a broad sandy terrace which is here 14 
feet high. (Plate IX, Fig. 2). In the southern part of the 
village it is significant that the old shore terrace is continuous 
with a broad terrace that runs up Centerville Creek, an illustra- 
tion of the dependence of river terraces upon successive lake 
stages, which is repeated over and over again, along the Wis- 
consin shore, and which justifies the opinion that most of the 
ravine terraces, both high and low, indicate approximately old 
stages of the lake. Such terraces are well displayed along the 
several large creeks which enter the lake between Centerville 
and Jf £initowoc, ejspecially near the mouths of Point Eiver, Point 
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Creek, and Silver Creek. Although the encroachmient of the 
lake in recent times has left no scrap of shore-line here along 
the lake border, the ravine terraces abundantly indicate the old 
stages. Unfortunately it is difficult to confidently recognize 
whether a certain ravine terrace belongs to a 25- or a 20- or a 15- 
foot stage; for it is not known how far inland up these slanting 
terraces the lake has cut since each stage, nor is it known ex- 
actly what was the rate of inclination of the old flood plains of 
which the ravine terraces are mere scraps. 

There is opportunity for a large amount of detailed work on 
these terraces, to determdne by many measurements the usual 
down-valley slant of flood plains of creeks of different sizes, 
along this coast, and the probable amount of recession of the 
lake at each locality. 

The freshly cut cliffs between Centerville and Manitowoc rise 
usually from 30 to 60 feet above the lake. Sand frequently 
occurs at the top, above the red clay formation, but the topog- 
raphy of the upland is never distinctly beach-like; rather is it 
a low rolling country, as if deposits had been laid down by the 
melting ice in shallow pools and ill-defined streams. Near 
Northeim (section 25, Newton) the stratified sands are from 
three to twenty feet thick, and the topography is decidely hum- 
mocky or morainic. About three miles south of Manitowoc the 
lake cliff is 80 feet high, where the lake is cutting back into a 
red till ridge, and bowlders are unusually abundant. From that 
point northward to the city the cliff becomes much lower. 

Though this moranic belt was not followed inland, it seems 
probable that it is the westward continuation of a strong mo- 
raine which Leverett has traced through Michigan to Manistee 
(directly across the lake from Manitowoc) and which marks an 
important readvance of the ice-border. This readvance prob- 
ably occurred after the Calumet stage, obliterating the Glenwood 
and Calumet beaches as far south as Manitowoc and Manistee; 
for both these shore-lines have been traced nearly up to the 
moraine, but have not been f oiund north of it. 

MANITOWOC. 

In the northern part of the city of Manitowoc the retreat of 
the red clay cliffs has recently been going on with extreme rapid- 
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ity. The destruction of much property along the shore road 
and partial consumption of the highway itself has forced the 
town to take prompt measures to resist the attack of the waves. 
Long protective breakwaters have been built oflf-shore and great 
quantities of brush have been dumped to the base of the cliflE 
where it acta as a sieve to catch the talus of bowlder clay 
and thus to hinder the waves from loosening and transport- 
ing it oflF-shore. Nowhere along the Wisconsin coast is there 
a better illustration of the sawing of the lake into the land. The 
vertical and even overhanging cliffs of red clay are capped by 
tumbling sods, with occasionally a tottering and dangling fence. 
At the foot of the cliff is usually a thin narrow pebble beach, 
hardly concealing a wave-cut bench of red clay, so nearly com- 
pile is the transfer of material which falls block by block into 
the water. In many places, indeed, there is no beach at all, but a 
narrow red clay shelf, swept bare by the waves. At each storm, 
during the last few years, the lake has eaten back several feet. 
At such times the lake for over half a mile off-shore is discolored 
by red sediment, sweeping northward past Two Rivers. In 
July, 1905, the road just north of the power house followed the 
brink of the ragged line of retreating cliffs ; a rough breakwater 
of piles, planks, and rubbish had been built at the base of the 
bluff and another was being constructed some distance off-shore, 
enclosing an artificial bay. By the middle of September, in 
spite of this protection, the bluff had receded several feet, eating 
back across the road nearly to the trolley track on its western 
side, the road was closed to travel, and the brush pile below was 
being daily replenished and strengthened, in hopes of preventing 
continued destruction. (Plate X.) According to the foreman 
in charge of work along the highway, the cliff has eaten inland 
at least 150 feet, in the last three or four years. Such a rapid 
retreat is extraordinary, as will be seen by comparison with 
the following statistics, collected by Dr. Andrews in 1868.* 

EROSION ON LAKE MICHIGAN SHORE. 

OTanstoa 3.08-16.96 feet per year. 

Winnetka 4.05-6.05 

lAke Forest 1.65 

♦ Quoted by Leverett, "The Illinois Glacial Lobe," p. 456. 
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WaukBgan 0.00 

State Line 16.50 

Kenosha 12.00 

Racine Point 16.00 

Racine 6.00 

Milwaukee 6.25 

Port Washington 2.30 

Sheboygan 6.25 

Manitowoc 5.00 

Average, Milwaukee to Evanston, 5.28 feet a year. 

Still more accurate measurements by Mr. S. G. Knight of 
Racine, given in full in the * * Geology of Wisconsin, ' ** show that 
the average rate of retreat in Racine and Kenosha counties be- 
tween 1836 and 1874 was 3.33 feet per year. In Milwaukee 
county similar measurements determined a rate of 2.77 feet per 
year. It is clear, therefore, that the advance of the lake at 
Manitowoc at the present time, which seems to be at least 40 feet 
per year, is exceptional. 

The continual freshening of the cliff face by the waves affords 
a rare opportunity to study the structure and composition of the 
red clay formation, — ^matters of considerable interest. Near 
the city, and along the shore north of the power house, the 
thinly laminated and often highly contorted red and chocolate 
colored clays are sometimes overlain by buff colored sand, in 
which cliff swallows have made tunnels for their nests. At one 
point a peat. bed three feet thick forms the upper part of the ten- 
foot cliff, with laminated clays containing sticks and branches 
below ; in another place a bed of old logs and sticks lies buried 
beneath fifteen feet of clay, near the base of the cliff. (Plate 
XI.) A little farther on (in section 16, Manitowoc) a char- 
acteristic deposit of red till, full of striated stones and bowlders, 
comes up from beneath the laminated clays. 

TWO RIVERS. 

South of the town of Two Rivers the low red clay upland 
slopes gently toward the shore, and is bordered by a swamp and 
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an outer belt of dunes. It seems likely that these dunes are in 
part shore deposits of higher stages, worked over by the wind; 
but no definite beaches were found there. 

Northeast of the town this dune belt broadens and forms a 
wide coastal belt of sand hills, enclosing many acres of swampy 
woodland, between Two Rivers and the lighthouse. 

A mile northeast of town, behind the dunes, An old terrace 
and bluflf of a 17-foot stage appears on the west side of the shore 
road opposite the ball grounds. This is the first remnant of an 
abandoned shore-line north of Centerville, 15 miles away. After 
following the bluff for a short distance, the road passes along a 
series of beaches of gravel and sand, — ^two well marked ridges 
on the western side, rising more than 20 feet above the level of 
the lake, and lower, flatter beaches on the eastern side, ranging 
from 10 to 15 feet in altitude. Farther on, near J. Wils- 
man's house, the beaches attain their best development, the 
highest rising to 26 feet above the lake, (Plate XII) /with an un- 
usually steep back. slope, a second ridge at 23 feet, and several 
lower bars in the fields east of the road. At this point the road 
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Fig. U.— Profile two milee north of Two Biyers. 

rises to the crest of the highest bar and follows it rather closely 
until it breaks up into dunes. Behind the 26-foot beach, several 
rods northwest of Mr. Wilsman 's house, higher dune-like ridges 
of sand may be followed through the woods to Molas Creek, 
where they join the dunes already mentioned, near the road. 
These dunes are rather, high, rising probably 50 feet above the 
lake, usually quite irregular in outline, but with occasional 
ridge-like form that suggests the presence of beaches higher than 
the 26-foot level. They are no doubt the product of the extinct 
lake. Whether they belong to a northward extension of the 
''Calumet'' or 40-foot shore of Lake Chicago is a question. It 
seems natural to associate them rather with the 26-foot beach, 
which, as will be seen later, is probably the highest ** Algonquin" 
shore-line. 

Prom Molas Creek northward to the lighthouse the shore 
road passes through a wilderness of sand hills, where deforest- 
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ing within the last thirty years has allowed the wind to freshen 
up the dunes into a state of active existence. Along the outer 
border of the dune belt, north of the lighthouse, the lake is, 
rapidly cutting back into the sand hills, and exposing their 
thinly stratified structure, as shown in Plate XIII. 

FOREST BED AT TWO CREEKS. 

Two miles south of the village of Two Creeks (in section 24) 
the freshly cut lake cliff showed in July, 1905, a remarkable 
cross-section of an inter-glacial forest bed. Laminated red 
clays formed the base of the section, up to two or three feet 
above the water. Above this, and separating it from a twelve- 
foot sheet of stony red till was a conspicuous bed of peat, sticks, 
logs, and large tree-trunks, which unmistakably represent a 
glaciated forest (Plate XIV). The till immediately above the 
forest bed, besides containing characteristic subangular striated 
stones and red clay similar to the clay in the stratified beds be- 
low, all absolutely unassorted, was plentifully mixed with broken 
branches and twigs. In the underlying forest bed the stumps 
were well preserved, the wood being soft and spongy like rotten 
rubber, but retaining all the appearance of its original structure. 
Several togs and stumps lay pointing significantly towards the 
southwest, the direction in which the ice sheet probably moved 
at this place. One little stump, however (Plate XIV, Fig. 2), 
with its ramifying roots firmly fixed in the laminated red clays, 
stood erect as when it grew there, but it had been broken short 
off at the top, where the ice sheet, dragging its ground-morainje 
along had snapped off the top without uprooting the tree. 
Aroimd each root the red clay was discolered to a light drab, 
showing the effect of acids derived by decay, in contact with the 
iron-bearing clays. There was no mistaking the only half- exca- 
vated condition of the deposit. Clearly this surfieial sheet of 
red till records a final advance of the ice sheet over a 
surface of laminated red clays, which here, at least, had 
been clothed with a forest. The trees were broken and generally 
overturned by the ice, and buried beneath the twelve-foot sheet 
of till. The wonder is that so much of the over-ridden forest 
should be preserved, and at least one stump in it remain erect. 
Although the steady retreat of the cliffs at this place is doubt- 
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leas continually changing the picture of the cross-section, it 
seems probable that the same phenomena are to be seen there 
today. 

While a similar relation of red till above and laminated red 
clays below is to be seen in many places, it cannot be said that all 
the laminated clays are older than all the red till ; for between 
Two Rivers and Manitowoc the thinly stratified red clays dis- 
tinctly overlie bowldery red tiU. When, in addition to this lack 
of simplicity in the relations between ice-laid and water-laid por- 
tions of the red clay formation, it is found that peat beds and 
logs occur not only within the body of the stratified clays (as 
near Manitowoc) but between the red till and the underlying red 
clay beds, one can see the complexity of the history of the forma- 
tion. A natural inference is a series of slight advances and re- 
treats of the ice front in its last stages by which alternating red 
silt deposits and morainic beds (both derived from the ice) were 
laid down, and when the newly exposed drift country was fresh- 
ly yet abundantly clothed with forest growth. The time inter- 
val between the deposition of the laminated red-clay beds and 
the overlying till is of course at least as long as the age of the 
trees, — ^possibly twenty years would be a fair minimum estimate. 
Alden reports red clays underlying the late Wisconsin till near 
Milwaukee. The Two Creeks forest bed may then record an 
interval between early and late Wisconsin time ; or it may mark 
the interval between the Calumet stage and the re-advance of the 
ice sheet to the Manistee moraine. 

TWO GREEKS TO KEWAUNEE. 

For several miles along the border of Carlton and Kewaunee 
townships the lake shore is a fresh clay bluff, 20 to 40 feet high 
at first, but becoming 50, 60 and finally 80 feet high near the 
town of Kewaunee. As usual this consists not simply of red 
tiU, but often of laminated clays, and beds of sand which occur 
both at the surface and at various horizons in the red day 
formation. 

The stream terraces which mark every large ravine have their 
usual value here, in strongly suggesting that old high-level stages 
of the lake existed in this region, although the old shore-lines 
themselves have been consumed by Lake Michigan. (Plate XV, 
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Fig.l.) Although it seems impossible, without more detailed 
study, to establish the identity of these stream terraces with lake 
stages of known heights, on account of the variable factors which 
have to be considered (as already mentioned on page 57), the 
persistence of terraces about 30 feet above the creeks seem to 
indicate that the lake in this vicinity once stood about thirty 
feet higher than now. Lower stages are likewise suggested by 
lower terraces in the ravines. 

KEWAUNEE. 

Before the construction of the long pier at Kewaunee the high 
red till diflfs in the southern part of the town near the signal 
station were rapidly retreating, and within the memory of the 
townspeople had cut away one-half of the town ** commons." 
Since the pier was built, the accfumulation of sand and gravel 
swept northward by the dominant shore curents and deposited 
against the south side of the pier has added several 
acres of flat terrace to the city and has built a semi-protective 
beach at the base of the red clay bluffs (Plate XVI, Fig. 1) . At 
the town the flats of the Kewaunee river are bordered by a wave- 
built bar whose crest is five feet above the water. Back of it a 
deep lagoon marks the original course of the river, where it used 
to turn northward near the town, following behind the bar and 
finally cutting across it at the extreme northern end of the 
beach. This was the natural deflected course of the river due 
to northward shore currents. It now enters the lake at the 
pier at the south end of the beach, through an artificial channel. 
The low marshy flats of the river are remarkably broad and 
stretch inland for several miles. Comparing this flood-plain 
with others of the district, it seems to be almost too extensive to 
be appropriate to normal river work. Some of the oldest inhab- 
itants of the town say that the flats occupy what was foinnerly 
a bay, covered by the quiet waters behind the bar. The deposit 
of muds and silts in the flats are known to be of considerable 
thickness. It is possible (as Taylor suggested in 1894) that 
this is an old river valley, cut during a stage of emergence 
(when the lake waters were drawn down below their present 
level) and subsequently drowned and filled with river sediment. 
No direct evidence of such a history, however, was found. 
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On the north side of the flats near the lake a very irregular 
terrace of gravels stands about 15 feet above the river*. This 
might be either a poorly preserved river terrace or shore ter- 
race, — ^perhaps more likely the former considering the protected 
position in the deep reentrant angle of the shore. A half of a 
mile northwest of the town the railroad cuts through a long 
ridge-like deposit of coarse gravels which Taylor spoke of as 
'* probably a true beach," one of **the first positive evidences of 
post glacial submergence observed on this shore."* This may be 
a long flat-topped river terrace rather than a beach ridge. Its 
crest is over 30 feet above the lake. 

ROSTOK. 

Three miles north of Kewaunee (Section 32, Pierce) the 
fresh red clay bluffs give way to a finely preservedTittle frag- 
ment of extinct shore topography, about half a mile long. At 
first there is a terrace of sand and a sharp bluff of a 17-foot 




Fig. li^.— Profile near Bostok. 

stage, with large bowlders close to its base. (Plate XV, Fig. 
2.) The 17-foot terrace extends somewhat interruptedly up a 
isanall creek valley near by, where there is also a higher terrace 
about 35 feet above the lake. Towards the north the lower terrace 
widens and the old bluff becomes higher ; a second creek valley 
comes out through the old bluff, from behind a long ridge-like 
terrace, that is 35 feet high and capped by coarse gravel. (Plate 
XVI, Fig. 3.) The peculiar form of this terrace and the paral- 
lelism of the creek valley to the bluff is shown by the 
fiketch map (Pig. 13). 

It looks like a clear case of stream deflection behind a shore 
bar during a 35-foot stage, — a deflected course which it con- 
tinued to hold after the drop of the lake to the 17-foot stage 
had given it the power to excavate a steep sided ravine. Long 
terraces of this sort, where creeks cross old beaches, are not rare 
in Illinois and Wisconsin. The name **bar terrace '* might per- 
haps be applied to them. In this case, as elsewhere, there 
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are other creek terraces in the ravine, at lower altitudes. The 
two shown on the map (20 and 26 feet above the lake, may 
possibly be scraps of a once continuous flood plain for the creek 
at the 17-foot stage, in which case the slope of the old flood 
plain near the mouth was about 6 feet in 800. It may seem 
strange that the 17-foot shore-line was cut back just as far as 
the older 35-foot bar and no farther ; but the presence of an old 
beach on the brink of a bluff cut during a lower stage is very 
eoiinmon, and possibly due to the checking of cEff recenion by . 
the rapid supply of stand from the crest of the bluff. Another 
strange feature is the path of this creek across the south end of 
old bar, as if the shore current here, during the 35 foot stag* 
was not towards the north but towards the south. The bar ter- 
race seems t» belong to the shore-line of lake Algonquin. 




fflff. 13.— SKetch mip or bar terrace near Boatok. 

Thirty rods north of here the old bluff runs out again to the 
water and for a distance of three miles red clay cliffs riaa 
steeply to a height of 60 feet. From near the old pier east of 
Alaska post office, one ean look southward to the Rostok shore 
where the headland notched by the 17-foot stage shows a step- 
like profile. 



QQ ABJLSDONED BHORE-LIUfEB OF EASTERN WISOONBIN. 

BOSTOK TO ALGOMA. 

Near C. Dvoreck's house (s. e. comer of sec. 9, Pierce) 
the old terrace and bluflf of the lower stage comes in stroiiglj 
again and continues for two miles without a break, nearly to 
Algoma. Although the terrace is usually 17 feet above the lake, 
it frequently appears to have been eaten away in concave bites 
at a slightly lower stage (about 9 feet), so that in some places 
the base of the bluff itself is 9 feet above the lake, and in others 
the terrace is double, with 17- and 9-foot benches. This 9-foot 
stage was probably very short lived, for the lake after such a 
slight drop would rather quickly have cut back its low cliff every- 
where to the bluff. 





Fig. 14.— Profile near John Paige'a house. 



A quarter of a mile north of Mr. Dvoreck's, old dunes appear 
on the brink of the 17-foot bluff, close by the road, and in front 
of them a gentl-e but distinct gravel beach probably the Algon- 
quin shore-line, whose crest is about 32-feet above the lake. 
(Plate XVn.) These run obliquely inland in characteristio 
fashion, crossing the half -section road near John Paige's 
house. Beyond a creek which is near here, the crest of the 
32-foot beach seems to have been farther east and to have been 
lost by cliff recession during the 17-foot stage; for the shore 
road, for over a mile, follows the gentle back slope of a gravel 
ridge about 38 feet above Lake Michigan, and stratified sauds 
are exposed at the brink of the 16-foot bluff just east of the 
road. A few old dunes, also, lying near the road at the middle 
of section 3 vaguely record the 32-foot stage. North of the 
next section line, however, in Ahnapee township) the lake dur- 
ing the lower stage cut back beyond the higher shore into the red 
clay upland, producing a high steep bluff of remarkable strength. 
(Plate XVIII.) The terrace here is usually a 9-foot one, al- 
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though, as explained before, most of the credit for cutting the 
high bluff belongs to the 17-foot stage, the 9-foot stage having 
merely stripped off the upper seven or eight feet of the 16-foot 
terrace and perhaps somewhat freshened the bluffi 






8 



Fig. 15.— Profile two miles south of Algoma. 
ALGOMA TO CLAY BANKS. 

Most of the city of Algoma is built on a broad terrace-like 
deposit of gravel and stratified sands, about 20 feet above the 
lake. It resembles an old delta of the Ahnapee River, in a re- 
entrant of the lake during the 17-foot stage. On the steep bluffis 
that enclose this sand flat north and south of the town, are sug- 
gestions of both higher and lower terraces ; but they are hardly 
definite enough to deserve further description. 

From the railroad station at Algoma one can look north along 
the clay-bluff shore to a low headland, hardly a mile away, 
where a small 18-foot terrace forms a clean cut notch in the 
profile. This is another of the small but valuable scraps of 
extinct lake records, almost destroyed by the recession of the 
present shore. It extends hardly 400 yards but affords a good 
view of the closely packed gravels (Plate XX, Fig. 2) and es- 
pecially of an old headland of the 17-foot stage which the ter- 
race encircles (Plate XIX, and XX, Fig. 1). It wiU probably 
not be many years before this bit of old shore topography wiU 
have been wholly destroyed by the waves. 

Beyond this place, for half a mile, there are fresh red clay 
cliffs along the shore ; then the old 17-foot terrace and its bluff 
reappear, running obliquely in from the lake and contiauing on 
with scarcely any interruption for many miles. This display 
of old shore bluffs surpasses even that south of Algoma, and 
gives evidence of the extraordinary erosion during the 17-foot 
stage. Plate XXI shows the view northward along the old clay 
bluffs of this Nipissing shore-line. A quarter of a mile away, 
in the middle distance, the old terrace is covered with a sheet 
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of bare sand, blown inland by the wind from the edge of the 
newly under-cut terrace. 

For some distance the shore road follows the brink of this 
old bluflf. Here and there a small creek valley opening through 
the bluflf, breaks its continuity; the bluflf is then replaced by a 
bar of gravels. But on the whole the high bluflBa are remark- 
ably continuous and strong. Out on the old terrace there are 
commonly two or three low sand ridges, parallel to the base of 
the bluflf, and usually from 2 to 6 feet lower than it. These are 
perhaps subaqueous offshore bars or reefs, deposited by storm- 
breakers in shallow water; but I am inclined to regard them 
rather as true beaches of stages lower than 17 feet. 




Fiff. 19.— Profile four miles north of Algoma 

Near the half -section east-west road in section 6 the shore road 
descends from the bluflf to the sandy terrace at its base. Half 
a mile farther on, at Foscoro post oflSce, on the line between Ke- 
waunee and Door counties, a large creek with broad flood plain 
and the usual terraces enters the lake through a broad gap in 
the bluflfs. Just beyond here the bluff reappears with its former 
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Fig. 17.— Profile near Poscoro. 

strength ; but associated with it is a scrap of a still higher terrace 
and bluflf, which lies close to the course of a second creek. Judg- 
ing from its position, this 32-foot terrace might be either an old 
shore bench or a fragment of a creek terrace, left by the par- 
tial recession of the 17-foot (Nipissing) bluflf obliquely across 
the valley of the creek. In either case, although it is but a 
hundred yards long, rather narrow, and somewhat variable in 
height, it seems to indicate a lake stage at about 32 feet; and 
its coincidence with the plane of Lake Algonquin is more fully 
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appreciated when tlie measured shore-lines of the region are 
plotted diagrammatieally, as wiU be shown later. (Plate 
XXXVII). 

Half a mile beyond the creek, the bluflE of the 17-foot stage, 
running through the woods between the road and the lake, haa 
reached its grandest proportions. It is about 80 feet high and 
steep enough to offer a hard climb. This old bluff is quite com- 
parable to the freshly cut red **clay banks" which rise up 100 
feet from the edge of lake Michigan a short distance beyond 
this point, where the lake has cut away the old shore-line for a 
short distance. For three miles or more through the village of 
Clay Banks the old bluffs maintain a height of about 70 feet, 
being finely displayed near the road, which first runs close to 
the brink, and then, descending steeply, skirts its base. Nowhere 
along the eastern: Wisconsin shore is there a bluff of more re- 
markable strength. While traveling along its base or looking 
down from its crest one is deeply impressed with the work which 
was accomplished during the 17-foot (or Nipissing) stage, — 
for at that time the older, higher beach line at about 35 feet was 
almost totally lost as the bluffs were eaten far back into the red 
day uplands. Plate XXII, Fig. 1, shows the lofty bluff, 80 feet 
high, as it looks from the road. To the left, in a gap in the 
bluff, a creek terrace marks the higher or 35-foot stage. 

CLAY BANKS TO SAWYER. 

Beyond Clay Banks village the high bluff continues on the 
west side of the road for a mile or two with undiminished height, 
except where a creek valley comes out through it, as in Plate 
XXII, Fig. 1. At this place, to the right of the bam, the bluff 
of the 18-foot or Nipissing stage was eaten back across the old 
valley, exposing a creek terrace which now stands about 35 feet 
above the lake, and which evidently represents the flood plain 
of the creek during the Lake Algonquin stage. The terrace 
below the great bluff does not always mark an 18-foot water 
level, but frequently 12- or 9-foot levels, — doubtless short, tem- 
porary stages of which mention has already been made. 

The best example of a 35-foot terrace, however, is found a 
mile north of the one just mentioned, (in the centre of section 
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16) where a large creek runs out to the lake. There, a high 
flood-plain terrace, extending down the valley, merges without 
a break into a well formed shore terrace of the 35-foot stage. 
Although this shore terrace disappears a few rods farther north, 
where the bluff of the lower stage has retreated past it, it soon 
reappears in a well marked 35-foot terrace shown in Plate XXII, 
Fig. 2, and rounding an old headland merges into a great barrier 
ridge of gravel, which extends northward for over a half a mile, 
midway between the road and the lake. In the photograph the 
observer is looking southward from near the old headland, on 
the 35-foot terrace. The cattle are on the terrace ; beyond them 
the lower bluff of 'the 20-foot stage cuts diagonally across the 
35-foot terrace into the high red clay upland, where it runs as a 
single steep bluff for many rods. In the distance near the 
houses the high terrace may be seen again, where the 35-foot 
creek terrace merges with the contemporaneous shore bench. 




Fig. 18. — Profile near S. Anderson's (section 9, Clay Banks). 

The great bar which stretches north from the high bench, with 
its crest 38 feet above the lake, was evidently formed by strong 
long-shore currents, sweeping the debris from the cliffs towards 
the north. This bar bears the record of lower stages as well, for 
on its front slope are two distinct beach ridges at altitudes of 
27 and 24 feet. Below them a peat bog, about 10 feet above 
the lake„ runs out to the shore. 




Fig. 19.— Profile in sections 3 and 4 (Clay Banks). 

The country just north of here is rather thickly w(xxled, and 
the beaches were not traced continuously ; but at each east-west 
road they were found and mfeasured, as shown in the cross sec- 
tion above. The strong beaches at the top of the series bear wit- 
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ness to the importanoe of the 4()-foot (Algonquin) stage; but 

I the lower beaches are perhaps even more persistent in their 

occurrence, although they seem to disagree frequently in height 

as if they marked several successive planes. 

! On the east-west road that runs between sections 27 and 34 

I (Sturgeon Bay), the low beaches near the lake are built of 

I coarse gravel and discoidal chipstone; for here the ground is 

[ rocky, with but a very thin covering of glacial drift. The 20- 

\ foot beach is especially well marked, and lies 300 yards back 

from the lake. These low beaches extend northward through 

^ the woods, where it is impracticable to map them, and gradually 

break up into a broad belt of sand dunes which surround the 

region of the Sturgeon Bay canal. On the same east-west road, 

\ the 40-foot beach occurs far inland, over a mile from the lake, 

near the road comer at Mr. Knuth's house. A broad evergreen 

swamp east of it is shut in from the lake by a ridge of bedrock 

and tiU, and was probably slightly submerged during the 40-foot 

stage. 

From Mr. Knuth's house the road to Sawyer closely follows 
the 40-foot shore-line, — ^at first a vague beach, but suddenly 
turning into a steep bluflf and terrace, near the southwest comer 
of sec. 21, and contiauing thus, with occasiosal interruption, past 
the brick yards. Plate XXIII, Fig. 1, shows a stretch of this 
bluff near the Sawyer road, where it is remarkably straight. 
The bluflF is cut in compact red clay ; the terrace, which is culti- 
vated for cornfields, consists of loose sand and gravel. Beyond 
the brick yard the cliff gives way to a broad gravel ridge which 
runs out to the edge of the bay near F. Daniel's house. At this 
place the lower 20-foot beach is also developed. 

A short distance farther west, beyond some very irregular 
kame topography, a great beach ridge of the 40-foot (Algon- 
quin) stage runs from the railroad crossing along the roadside 
past the school house and into the town of Sawyer, where its 
exact position is mnich obscured by street construction. Plate 
XXIII, Fig. 2, shows a bend in the Algonquin ridge near the 
school house at Sawyer, the gentle outer slope on the right, and 
the steep back slope on the left. 
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STURGEON BAY AND VICINITY. 

Across from Sawyer, in the city of Sturgeon Bay, both the 
upper and lower beaches which have just been described are 
strongly developed. The court house and the high school stand 
on the crest of the highest or 40-foot beach, where it makes a 
sharp bend from a southwest to a northeast course. The crest 
of this beach, near the court house, is 36 feet above the bay; 
but a few rods northeast, where it merges into a cut bluff of till, 
it is a few feet higher. East of the short till bluff there is no 
well defined shore-line. A recent cut in the street in front of 
the court house at the blunt cape or bend, showed well-stratified 
sand and gravel of all sizes, with occasional beds of fiat bowlders. 
From the high school northeastward the 40-foot shore may be 
traced interruptedly through the house lots and streets to the 
northern part of the city, where it is a well-formed bar. It was 
followed for several miles by Taylor in 1893, and has since been 
identified by him as the highest shore-line of Lake Algonquin. 

A block or two south of the court house, a 23-foot beach ex- 
tends through the city parallel with the main street. A sand 
ridge which is lower and less continuous than this one lies closer 
to the bay, with its crest at 18 feet. Both of these lower beaches 
disappear towards the southeast near the bay, within the limits 
of the city. 

On the north side of the city, a series of beaches from 12 up 
to 20 feet is easily found, and may be traced northward for 
several miles along the shore not far from the road. At Bay- 
side cemetery the Algonquin or 40-foot shore-line, marked 
by a low bhiff, may be seen from the road. The lower beaches 
have crossed to the west side of the road, and lie halfway be- 
tween it and the bay. Prom here northward for more than 
three miles the shore drive follows closely the 40-foot contour. 
Occasionally traces of beach topography or of an old bluff ap- 
pears ; but for most of the distance the old shore-line is obscure, 
— ^partly, no. doubt, from the grading of the road. The 
low shores are more easily traced through the fields and private 
grounds along the bay, where the 20-foot beach is usually a 
bluff and terrace, imperfectly preserved. 

Strong development of all the beaches begins beyond the 
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Laurie stone quarry and continues out to the mouth of the bay, 
A conspicuous 40 foot terrace and bluflE a short distance north of 
G. R. Robert's house ( noted by Taylor in 1893) is shown in 
Plate XXIV. The coarseness of the material on the beach (large 
chip-stones and flat bowlders) is characteristic of the beaches of 
the Ivhole of the Door County peninsula north of the Sturgeon 
Bay strait, where the drift blanket is thin or locally wanting, and 
ledges offer plentiful supply of coarse material to the waves. 
The stony structure of the beaches comes to light stiU more 
clearly at Mr. Larr's house, which is built on the crest of the 
Algonquin bar, near where the shore road descends the 
stony slope to the edge of the bay. Well rounded discoidal 
pebbles of white limestone are packed tightly flat-side down 
into a firm beach ridge. The outer sweep of this 40-foot beach 
is chopped off sharply by a cut bluff on a 17-foot stage, below 
which are three low stone ridges at 15, 13 and 11 feet. The 
photographs in Plate XXV show these beaches from different 
points of view, near the road. It is possible, perhaps, that the 
lower ridges are subaqueous bars, not true beaches; but the 




Fig. 20.— Profile near Dreutzer's qnarry. 

coarseness of chipstone in them seems almost too great for such 
an origin. They seem rather to represent short lived stages, 
intermediate between the 17-foot stage and the present one. 
Near Dreutzer 's quarry, at the mouth of the bay, the old beaches 
are destroyed ; but around the headland on the Green Bay shore 
they are again developed, as will be described in a later section. 
Along the opposite shore of the bay, between Sawyer and Nase- 
waupee, thick woods greatly obscure the terraces and beaches* 
Here and there the bay is bordered by high limestone cliffs 
which have retreated beyond the 40-foot contour ; but along most 
of the shore the two most important old water lines are visibte 
from across the bay because of horizontal breaks in the wooded 
slopes. At the entrance of the bay the lighthouse stands on the 
20 foot beach. (Plate XXVI, Pig. 1.) 
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East of Sturgeon Bay on tbe north side of the strait, between 
the **C6ve" and the head of the canal, a 20-foot bowlder beach 
of exceptional strength runs through the pastures and woods 
near Mr. Olson's house. (Plate XXVI, Fig. 2.) Poorly rounded 
blocks and bowlders, from one to three feet in diameter, are 
piled up in a steep-sided ridge which stands five feet higher 
than the ground just behind it and ten feet above that just in 
front. Fifty feet nearer the bay is a lower ridge, its crest 13 
feet up, made of smaller bowlders and graveL The exceptional 
size of blocks in the higher ridge and the poorly rounded form 
suggests that this is not a wave built beach but an ice rampart, 
crowded up by the expansion of the ice in winter, a process 
which might be expected to be most efiftcient right here near 
the head of the wedge-shaped bay. For size of material this 
beach ridge seems to have no rival in eastern Wisconsin, — ^not 
even on the more exposed Lake Michigan shores. 

The 40-foot beach in this district is hard to find, but seemed 
to be represented by sand dunes and occasional high sand ridges 
near the unfrequently traveled wood road which leads eastward 
to the shore through section 14. This road crosses lower bars 
of sand just before reaching the lake shore, which are doubtless 
representatives of the 20-foot and lower stages. The lake shore 
for some distance north and south of the end of this road is 
low, thickly wooded, and bordered with dunes. No old beaches 
were discovered two and a half miles farther north, on the east- 
west road to Lilly Bay. 

WHriEFISH BAY AND CAVE POINT. 

The low country between Lilly Bay and Whitefish Bay is so 
swampy and wooded that it did not seem profitable to trace the 
beaches continuously. The highest shore-line was found in 
splendid fonn, however, over a mile inland, near Mr. Both's 
house in section 20 ( a mile and a half southwest of Whitefish 
Bay village) . A broad, steep-backed gravel ridge, with its crest 
41 feet above Lake Michigan can be traced for over half a mile 
through the pastures towards "Whitefish Bay; but this shore-line 
was not found with certainty near the village, although a coarse 
gravel beach at 30 feet and a questionable bluff behind it, with 
its. base at 35 feet, were found on the road just west of the 
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village. The little fishing hamlet stands on a series of low sand 
bars and dune ridges near the lake, which were built during the 
lower stages. 

North of Whitefish Bay a well forested belt of high dunes 
separates the present beach from a broad swamp, in which is 
Clark Lake. East of this lake, a low cape stretches out into 
Lake Michigan, appropriately named Cave Point. Here are the 
first well-exposed rock cliffs which one sees in going northward 
along the west side of Lake Mchigan. They are exceed- 
ingly picturesque. The flat lying Niagara limestone beds, some 
hard, some soft, and well cut up by joint cracks, have been 
torn away irre^arly by the storm waves. There are number- 
less little coves, not infrequently with rectangular outline and 
vertical walls, — ^the result of wave-gnawing along joint planes. 
In many places under-cutting of the beds along the water's edge 
has left overhanging arches and roofs of limestone; artistic hem- 
locks, spruces, maples, and white birches overhang the ledges, 
and wild ducks, startled by one's approach scurry out from 
under some projecting shel^ and around a little promotory, or 
dive out of sight. Traveling around this shore is slow work ; for 
one must climb up and down, now at the base of the cliffs, where 
an irregular rock bench is washed by the waves, and now along 
the brink of the cliffs, through bushes and thickets, with re- 
peated detours around the little coves, A view of the shore 
from the lake (Plate XXVII, Fig. 1) shows the conspicuous 
caves, where the waves of every storm are cutting back irregu- 
larly, like a horizontal saw, until the overhanging arch of lime- 
stone gives way and a great slab of rock falls into the lake, to 
be gradually broken up and thrown back piece by piece against 
the cliff. These big prostrate slabs occur eveiy few rods along 
the shore (Plate XXVII, Fig. 2) with often so fresh a broken 
surface on the ledge behind them that they seem to have tumbled 
off during the last storm. Although the recession of these cliffs 
is probably not so rapid as this would suggest, it is clear 
that the shore has been eaten back several hundred feet at the 
present lake stage; for a broad rock shelf runs out from the 
shore in dangerous reefs. Coarse gravel and cobbles of all sizes 
have accumulated in protected bays along the shore. At the 
north side of the cape, near Jacksonport, a cobble and chip- 
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stone beach is banked up to a height of nearly 8 feet above the 
water. Evidently there is a strong drift of material along the 
shore in that direction. In the wo<^ bacK of Cave Point traces 
of stone beaches were seen, about 20 feet above the lake, but 
detailed mapping and leveling was impnu^ticable. 

JACKSONPOET, . 

At Jacksonport there is a fine display of beaches. A wide 
series of parallel sand ridges, many of them below 15 feet in alti* 
tude, passes through the viUage. Back of these is a bench and a 
beach of a 19-foot stage, and beyond that two or three ridges 
and benches, reaching their climax in a stony 50-foot bench 
and bar which is well exposed in the southern part of the village 
near the Methodist church (Plate XXVIII, Fig. 1) where the 
road turns down from the upland to the low terrace. The two 
profiles in Fig. 21 are drawn at opposite ends of the village, 
about half a mile apart. Shore-lines of 50-, 34-, and 19-foot 
stages are prominent among them. The 26- and 28-foot bars in 
the north end of the town, which lie just off-shore from the 34- 
foot bench may possibly be subaqueous reefs for that stage. 





Fig. 21. — Profiles at Jacksonport. ta) South end of the Tillage, (h) Center of 

the Tillage. 

They are made mostly of sand and gravel of moderate size. The 
abrupt outer slope of the 28-foot bar, steepened into a low bluff 
for the 19-foot stage, is to be seen in the lower figure in Plate 
XXVIII. The several sand ridges below 19 feet may likewise 
be subaqueous reefs of that stage, though it seems more likely 
that they mark several successive tevels of the lake since the 
19-foot or Nipissing stage. 
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Half a mile north of the village, near where the creek crosses 
the shore road, there is an ancient Indian burying ground, situ- 
ated on some of the low sand ridges. The wind has scooped out 
shallow holes here and there, sweeping the sand away from the 
old graves, so that bones are plentifully exposed. A few imple- 
ments and a carved tobacco pipe which seems to have been 
brought down by the French missionaries from Canada have 
been found here by Mr. Erskine and others. Perhaps the most 
common curiosities in these graves are sparkling specimens of 
4rilcified FoAJosites (** honeycomb coral") which seem to have 
been prized and preserved by the Indians. 

The 50-foot Algonquin beach, north of Jacksonport, runs in- 
land, — ^how far, there was not time to determine. It should 
here be explained that the study of old shore-lines on the penin- 
sula was generally confined to the vicinity of the lake shore, 
where villages and open country occur, and where' leveling on 
the complete series could be readily accomplished. Between 
Jacksonport and Bailey's Harbor, therefore, there was no con- 
tinuous tracing of beaches. Low sand ridges were crossed on 
the shore road near Kangaroo Lake, but no attempt at detailed 
study or measurement was made until within a mile of Bailey's 
Harbor. 

bahjEy's harbor. 

A large series of beaches, benches, and cliffs runs through this 
village. The highest Algonquin shore-line is a chipstone bar at 
59 feet near the south end of the village, passing northward into 
a line of overhanging rock cliffs which border the hillside over- 
looking the town. The old caves and projecting shelves of lime- 
stone are characteristic in form as if they were still being cut 
out by the waves, closely resembling the rocky shore at Cave 
Point. Weathering since the fall of the lake from this 59-foot 
plane has torn down slabs here and there, but has by no means 
obscured the original form of the cliffs, as Plate XXIX shows. 
In some places the cliffs are vertical joint faces which have their 
exact counterparts along the lakeshore near Cave Point. Below 
them a steeply sloping bench of debris leads down to a bench or 
bar of a 40-foot stage, which seems to have been one of consider- 
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able importance, judging from tbe fact that it is marked not only 
by a heavy stone beach but also in the southern part of the vil- 
lage by a high bedrock cliff and terrace of its own. Lower stone 
ridges^ at about 30 feet, run just east of the 40-foot shore and 
parallel to it. The town hall stands on one of these. It may be 
that these are subaqueous reefs for the 40-foot stage, as they do 
not connect anywhere with a bench or cliff; but they are built of 
very heavy blocks and cobblestones. Cutting abruptly across 
these ridges an abrupt cliff of an 18-21-foot stage (evidently the 
Nipissing) runs close to the west side of the main street. The 
churches and school house stand on the higher bars close to the 
brink of the cliff. Half way through the village, near Ed. West- 
f all's hotel, the cliff passes into a 21-foot stone bar, which can 
be traced northward parallel to the higher beaches. The profiles 
in Fig. 22 show the appearance of the series at three different 
parts of the town. 







Fig. 22. — Profiles at Bailey's Harbor. A, at south end of village. 

center of Tillage. C, at north end of village. 



B, through 



At the north end of the village all except the very lowest of 
the beaches (about 13 feet up) bend a little to the west, near 
the road to Fish Creek, and run northward into the woods, where 
it is hard to identify them singly. Half a mile in from the 
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rood, however, there is a clearing where the whole series is ex- 
X)osed, — ridge after ridge of cobblestones, with the highest ridge 
ending in a circular steep-sided hook. Here at Bailey's Harbor, 
83 in many places on the peninsula, the beach bowlders are 
mostly composed of large silcified Holy sites, (** chain coral") 
BJid Favosites (** honeycomb coral"). 

A quarter of a mile northeast of the village is a well-marked 
island of the extinct lake Algonquin, a nearly circular lime- 
stone hill which is skirted on the west side by the road past 
Mr. Appel's house, and on the east side by the road to North 
Bay. It is plainly seen rising above the woods, as one looks 
northward from the pier at Bailey's Harbor past the head of 
the bay. The peripliery of the old island is marked almost con- 
tinuously by steep limestone cliffs in part at least of the 60-foot 
Algonquin stage, although the shores of lower stages are more 
completely developed and preserved. The road at Mr. Appel's 
house follows the base of the cliff of this highest stage. A short 
distance south one can see from the road the bent hook-like ends 
of two or three successive bars, in the valley just west of the 
road. On the southeast side of the island, near the North Bay 
road, overhanging cliffs of the lower stages overlook several well- 
fonned beach ridges, the extension of which was not traced, for 
lack of time. On the north side of the island is a very remark- 
able ridge whose exact nature is not clear. It is over 20 feet 
high, above the surrounding country, perhaps 60 feet above the 
lake, very steep on the southwest side, built in part of great 
bowlders, together with rock debris and earth. It stretches 
northward in curving fashion for a number of miles. Although 
its position and association with undoubted beach ridges strongly 
suggests that it is a bar tying the island to the mainland farther 
north, its general form and heterogenous composition led to the 
belief that it is a great esker. This Bailey's Harbor district 
offers perhaps the best opportunity for detailed study of extinct 
shore-line topography along the peninsula; for here are unusual 
irregularities of outline in the old lake, and the exposure to 
wave action must have been great. 

The peninsula northeast of Bailey's Harbor is low and wooded, 
with hardly a trace of old beaches. Near Mud Bay the shore is 
almost flat, near lake level. The road to North Bay follows low 
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sand ridges here and there. Turning north beyond Mud Bay it 
rises to higher ground without crossing any marked beaches un- 
til at Mr. Olson 's it descends rapidly to the shore of North Bay. 

NORTH BAY. 

Between Mr. Obon's house and the summer cottages on the 
shore of North Bay, well-formed beaches and cliflEs of high level 
stages run through the woods. On the west side of the bay the 
shore road follows and crosses low sand bars in several places, 
from 12 to 18 feet above the lake. A belt of low ground runs 
far into the interior of the peninsula, here, towards Sister Bay. 
On the east side of North Bay, on William Marshall's large 
estate, there are a few traces of under-cut cliflEs in. the woods, 
but most of the peninsula is low, — far lower than the level of 
the highest shore-line. 

APPLEPORT. 

Going up the road which leads due west across the peninsula 
from the lake to Sister Bay, one crosses a large series of beaches 
at altitudes of 13, 14, and 23 feet, near Mr. Larson's house; 
then there is a long gentle rise for nearly half a mile to a broad 
bar at 50 feet, and finally to a 64-foot bar which lies on the crest 
of a broad ridge near Mr. Erickson's house. West of this high- 
est beach is a valley over a mile broad — ^the one already men- 
tioned as running inland from North Bay. Up to the west slope 
of this valley, near district school No. 2, is a well-formed beach 
ridge about 68 feet higher than Lake Michigan. Perhaps this 
was the mainland border during the highest stage of the lake 
while a reef was being built out along the submerged ridge a 
mile or more to the east, at nearly the same level. 

Rowley's bay. 

At Rowley's Bay the following series of beaches was found: 
a 7-foot bench close to the road near the saw mill ; a 17-foot bar 
two hundred yards up the road from the last; a 20-foot beach 
and bluflf two hundred yards farther on; a 40-foot double- 
crested stone bar two hundred yards east of the school houses; 
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the highest beach at 72 feet, lying 400 yards west of the school 
house. 

Assuming that the 72-foot beach at this place corresponds to 
the 68-foot beach west of Appleport, the 59'-foot beach at Bail- 
ey's Harbor, and the 50-foot beach at Jacksonport, one would 
expect to find here a beach at about 54 feet, corresponding to 
the 40-foot shore-line at Bailey's Harbor and the 34-foot beach 
at Jacksonport; but no ridge was discovered near the Rowley's 
Bay school house at the appropriate height, — only a long gentle 
slope leading from the 40-foot beach up to the 70-foot ridge. It 
is one of the occasional cases where a lake stage of considerable 
importance is l^ally unrecorded, possibly because of the gentle 
inclination of the bed-rock surface. 

Rowley's bay to Washington island. 

The depression occupied by Mink River, between Ellison Bay 
and Rowley's Bay was doubtless a strait during the highest lake 
stage. 

On the cruise north from Rowley's Bay only one stop was 
made on the Lake Michigan shore, at a pier called Newi)ort. 
There no high beach was discovered, only some low bars near the 
shore, about 20 feet above the lake. 

A passing view of the high bluflfs at Death's Door (Plate 
XXX, Fig. 1), the extremity of the peninsula, brought to view 
an unexpected development of high rock terraces, — gigantic 
steps on the headlands, so strongly outlined that their wave-cut 
origin was at first hard to believe. One would be inclined to 
refer them to structural differences on the bed rock, emphasized 
by weathering; but closer examination and comparison with the 
present cliffs left no doubt regarding their true nature. These 
great step-like notches, which tourists on passing steamers notice 
on every headland, are the deeply engraved high water marks 
of an extinct Lake Michigan, or more accurately of Lake Algon- 
quin and Lake Nipissing. 

WASHINGTON ISLAND. 

On account of its exposed position off the end of the long 
peninsula between Green Bay and Lake MSchigan, and close to 
6 
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the northern boundary of the state, this large island is a place 
of vital importance in the stndy of the beaches of Wisconsin. 
Since the early '70 's, when Chamberlin's geological party ex- 
plored the thinly settled peninsula, geologists seem never to 
have visited this island to study its beaches, although the impor- 
tance of doing so was well recognized by Taylor in 1893, when 
he wrote, in his paper on the reconnaissanoe about Green Bay :* 
''One of the most important points to be determined in this 
vicinity is the altitude of the highest shore line on Washington 
Island and on the northern extremity of the peninsula south of 
*the door.' These places are not readily accessible, and being 
under some necessity of economizing our time we were obliged 
to pass them by." Since this was written the island has been 
extensively cleared for pastures and fields. Farms cover the 
hilly interior and fishing piers and sheds are clustered in the 
bays. Two or three modest little summer hotels at Detroit Har- 
bor and Washington Harbor are gathering in vacation seekers 
from distant cities, and the place is no longer a difiicult one to 
reach. The shores on the northwest, northeast, and east sides 
are still heavily wooded with evergreens, and bordered by pre- 
cipitous white limestone bluffs, famous for their scenic beauty. 
Plate XXXI shows the northwestern comer of the island, where 
the bare walls of limestone, cracked by horizontal bedding planes 
and vertical joints, and exposed by the quarrying action of the 
waves rise up 40 feet from the water's edge.The clean faces of 
these cliffs, the tottering pine trees, and the occasional accumu- 
lation of blocks below them show emphatically the vigor of the 
storm waves which roll across Green Bay against the island. Such 
evidence of work done by the present lake facilitates the concep- 
tion of deep notching of the same headlands at higher stagea 
The lower figure in Plate XXX shows the northwest comer of 
the island again, from the Green Bay side, with three prominent 
high-level notches, which are approximately 50, TO, and 90 feet 
above the lake. In Plate XXXII, Fig. 1, a clearing on the 
densely wooded shore two miles south of the notched headland 
shows a bench and cliff of a 24-foot stage very conspicuously. 



*"A Reconnaissance of the Abandoned Shore lines of Green Bay. 
Am. Geol., vol. 13> 18&4. p. 327. 



*p 



- \f 



Wisconsin Qeol. and Nat. t 



DE80BIPTI0N. 



83 



This doubtless is the Nipiasing beach. The full' series of beaches 
at this place, (hidden by the woods) is shown in Fig. 23. 




Fig. 28.— Profile at the clearinK south of Boyer Bluff. 

At Washington Harbor, in the bay on the north side of the 
island, the beaches are strongly built and the benches deeply cut, 
in a series shown below in profile. (Fig. 24). 




Fig. M.— Profiles at Washington Harbor, (a) near the "White House." (b) at 

the head of the bay. 

The ** White House" stands on a 25-foot stone bar near the 
base of an abrupt rocky cliflE on the 20-foot stage. The road 
leading from it to the post office follows closely a sloping rock 
bench at about 50 feet. West of the road, near J. Connell's 
bam, are benches at 69 and 74 feet, a bar at 83 feet, and highest 
of all a bench and cliff at about 90. The highest shore-line 
can be traced southward, crossing the road near the post office 
as it curves eastward around the head of the bay, and on across 
the east-west road near J. B. Young's house. It usually has the 
form of a double crested ridge of chipstone, here 91 feet above 
Lake Michigan. The complete profie at this point is shown in 
Fig. 24, A. 

At Detroit Harbor, on the south side of Washington Island, 
the highest beach, a double-crested ridge at 89-91 feet is weD 
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shown near J. G. Eichter's house, where it crosses the road 
just east of the Methodist church (Plate XXXII, Fig. 2), and 
southeast of here, where it crosses the road at **Idylwood," at a 
height of 88 feet. At the last mentioned place a double-crested 
beach ridge crosses the road just below the highest beach, at 78 
feet, and a 53-foot bar runs conspicuously through the fields and 
woods for a long distance to the Methodist church, where it 
passes into a bench. Nearer the harbor are several dis- 
tinct beaches from 25 feet down, usually sandy, and in many 
places (e. g. near the Detroit Harbor post ofllce) so modified by 
dune action that it is profitless to measure their altitudes. 




Fig. 25.— Profile at Detroit Harbor. 



OTHER ISLANDS. 



The islands between Washington Island and the **Door'' are 
too low to have been above water during the highest stage. On 
Plum Island a strong beach was found 18 feet above the lake, 
several at still lower levels, and one in the woods back of the 
lighthouse which was perhaps 30 feet above the lake. 

On Eock Island was found a record of all' the beaches, up 
to the very highest. On its southern side, along the 
broad path which runs across the island to the lighthouse, 
beaches were found at 18, 23, 26, and 28 feet; farther on is a 
sloping bench about 75 feet, and finally a high gravel ridge at 
99 feet, marking the highest Algonquin shore-line. At the 
northern comer of the island, near the lighthouse, the extreme 
northeastern point of Wisconsin, a limestone cliflf rises preci- 
pitously 40 feet from the water's edge, and is scaled by a long 
flight of steps. Part way up the cliflf there is a scrap of a rock 
bench covered with cobbles and gravel at 22 feet apparently an 
old shore-line. Back from the brink of the bluflfs is a bench at 
52 feet, and a short way up the path is a bar at 71 feet and a 
bench at 75. Beyond this, in a cleared field close to the light- 



DESCRIPTION. 85 

house, is a terrace about 100 feet above the lake — ^the highest 
beach on the eastern Wisconsin shore, and a mark of the earliest 
stage of Lake Algonquin. 

HEDGEHOG HARBOR. 

On our return to the Door County peninsula, the notched 
headland already seen from a distance (Plate XXX, Fig. 1) 
was found to bear the marks of several stages, shown in the 
profile below. 




Fig. 26.— Profile at Hedgehog Harbor. 

The highest Algonquin beach is here 78 feet above the lake, 
a heavily built bar of cobblestones. At 62 feet is a cliflf and 
bench of cobbles ; at- 46 feet a bar with a cliff behind it, at 22 a 
bench and cliff, and at 16 feet another bar. The crest of the 
present beach is 7 feet above the water. The shore-lines which 
show most prominently in the step-like profile of the bluff are 
the 22 and 46-foot benches ; but the highest shore, also, may be 
dimly made out. Near Hedgehog pier only the lower beaches — 
one at 18 and one at 27 feet — ^were found, although search was 
made on the hills back from the shore to a height of more than 
eighty feet. 

ELLISON BAY TO SISTER BAY. 

The depression which runs across the peninsula between Row- 
ley 's Bay and Ellison Bay was probably a strait at the highest 
stage of the lake; but for lack of time no attempt was made to 
f oUow the beaches inland. A line of levels from the lake up the 
hillside near the head of the bay, past Capt. Mike Anderson's 
hotel, crossed a bench and very conspicuous bluff (30 feet high) 
of the 19-foot (Nipissing) stage, a faint bar at 41 feet, run- 
ning under the hotel, and a well formed bar at 66 feet. Be- 
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yond this to the top of the high hill no well developed beaeh 
waa seen, although one ambiguous gravel deposit, a few feet 
higher than the 66 foot beach may mark the true limit of sub- 
mergence, which might be expected to reach 74 feet here. 

Two miles south of Ellison Bay, down an east-west road to 
the lake, the highest shore-line was seen at C. B. Seaquist's 
house, a broad 74 foot bench, below which is a series of benches 
and occasional bars, as shown in Fig. 27. 




FlfiT. 27.— Profile near C. R. Seaqnist's, south of BUlson Bay. 

Half a mile farther south, at the end of another east-west 
road, beaches are sharply defined at several levels, with the 
highest, a double-crested cobble ridge by the side of the north- 
south road, near N. E. Lovstedt's mail box. (Fig. 28.) 




PIfir. 28.— Profile near N. D. Lovstedt's, north of Sister Bay^ 

The Sister Bay road follows this highest Algonquin beaeh 
southward for some distance, past Henry Anderson's and An- 
drew Knutson's houses, coarse gravels showing by the roadside 
aU the way. At Mr. Knutson's the series of beaches is the most 
complete yet described. (See Fig. 29). Just south of this 
place, on the outskirts of Sister Bay village, a church stands on 




Fig. 29.— Profile near A. Knutson's, north of Sisteir Bay, 
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the highest beach. The road descends here to a much lower 
level, while the high beaches run southeast behind A. Carlson's 
house. 

At Sister Bay post office a 20-foot bench, 47-foot bench, and 
66-foot bench were found, the latter finely exposed by the side 
of the main road to Ephraim, a few rods up the hill from the 
post office. Behind it at this point is a steep bluff. How far 
inland this highest Algonquin beach may run has not been deter- 
mined. There may have been a strait here during this 66-foot 
stage, across to North Bay. 

EPHRAIM. 

At Ephraim the marks of several stages of submergence re- 
main in easily aeoessible places. Back of Hanson's store, 
halfway between the shore road and the upper road, the 20-foot 
beach is remarkably developed, — a heavy bar of coarse shingle 
standing ten feet above the level of the ground, with an unusuaU 
ly steep back slope. Up the hillside east of this, bare ledges and 
abundant cobbles indicate somewhat vaguely higher stages of the 
lake. A narrow platform at 35 feet, skirting the base of a low 
cliff, is followed for several rods by the upper road. North of 
this place a few rods, where two roads cross, the twin bar of the 
highest shore-line stands 59-62 feet above the bay. 




Pig. 30.— Profile at B}phraiiii. 

Across the bay from Ephraim are some picturesque bluffs of 
limestone shown in Plate XXXIII. In one place a large cave 
(Fig. 1) reaches in from the cliff face at a height of more than 
30 feet above the water. It was probably formed when the lake 
stood at one of the Algonquin levels, and the waves worked out 
a chasm at the water's edge. 

On a headland just outside the bay a lighthouse stands on one 
of the high-level rock benches. (Fig. 2). 
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FISH CREEK. 

At Fish Creek the old beaches run through the village, cros- 
sing the streets at many places, where coarse gravels are exposed. 
The lower beaches are well displayed in a pasture on the south 
side of the shore road, just east of the post office, — especially a 
coarse ridge of shingle whose crest is 21 feet above the bay. A 
fairly good series of the higher beaches may be seen by going up 




Fig. SI.— Profile at Fish Creek. 

the hillside south of the post office. A church on the side street 
here stands on a faint 33-foot beach with a bench and bluff at a 
height of 39 feet just back of it. A few rods farther up the 
slope are two very strong bars which mark the highest level of 
submergence. Back of them, at Mrs. 0. Rowen's house, is the 
corresponding bench, at 59 feet, and a steep rocky bluff. The 
series is shown in Fig. 31. 

55 5» 




Fig. '32.— Profile at Juddyille. 
JUDDVttiLE. 

Halfway between Fish Creek and Egg Harbor the beaches 
were found and measured at Juddville, at the foot of two east- 
west roads, near Kirkland's pier; and a half mile south of it. 
(See Fig. 32). The highest Algonquin beach was found to be 
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Fig. 38.— Profile near E?gg Harbor. 
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56-58 feet above the lake. Below it are marks of a shore-line at 
36-38 feet, with bars a few feet lower, and a strong cliflf and 
bench at 17 feet — doubtless the Nipissing. 

EGO HARBOR. 

Professor Chamberlin, in his ** Geology of Wisconsin'' make 
special mention of a conspicuous beach ridge or bar at a high 
level, near the head of Egg Harbor. This is probably the most 
remarkable beach on the Wisconsin shore, a great barrrier 
bar of coarse chipstone which reaches from the village southward 
across a broad deep valley for half a mile to some high limestone 
ledges. The road going south from the village past the school- 
house follows the crest of this ridge through the woods. On the 
eastern side of it a steep slope descends to the swampy valley, 
and on the western side also the ground slops steeply down to the 
bay. At a clearing by the road, where the great bar connects with 
the limestone bluff at its south end, the form and structure of it 
are plainly revealed. The beach like crest, at 58 feet/, probably 
marks a high barrier beach of a 51-foot stage ; for the rock bench 
near by, from which the bar tails out, is but 51 feet up, and a 51- 
foot beach runs along the ridge just below the actual crest (Fig. 
33). The inland slope of the bar is very precipitous, far steeper 
than ordinary beach slopes; and the lakeward side of the great 
ridge has been deeply cut into during a 20-foot stage which is 
marked by a high cliff and bench, a few rods back from the lake. 
Large borrow pits expose a tightly packed mass of discoidal peb- 
bles of white limestone, nearly all of them between three and six 
inches in diameter and very well rounded, as if by vigorous wave 
action (Plate XXXIV). While the unusual size of the ridge and 
its steep slopes suggest that it is an esker rather than a barrier 
bar, there is abundant proof of its true nature : — it joins a wave- 
cut cliff and bench of rock, at precisely the expected level of the 
highest shore-line; it sweeps around the head of the harbor, 
where, if anywhere, a barrier would be built; its crest line is 
quite even; it is made of thoroughly waterwom pebbles and 
chipstone of nearly uniform size, no erratics whatever being 
seen in the large pit, and containing hardly any sandy or earthly 
material; there are distinct beaches on its top and outer slope. 
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Clearly the whole ridg^e is a shore embankment, built up in deep 
water across the head of the bay, from headland to headland, to 
a height of about seven feet above the water. The limestone 
cliffs from which the bar tails out have an imusually thin-bedded 
structure and abundant joint planes, affording favorable supply 
of rock debris to the waves. 

HOBSESHOE BAT. 

At this place, three miles south of Egg Harbor, the highest 
Algonquin shore-line is a 49-foot bench, below a rocky bluff. 
The only lower shore-line which is at all distinct is a broad 
sandy terrace and bluff of a 15-foot stage. 

MONUMENT POINT. 

Three miles farther southwest, at Monument Point, a lofty 
limestone cliff stands half a mile inland ; but no certain evidence 
of its being an old lake bluff was found. In the. woods halfway 
between the cliffs and the lake is a well formed shingle bar at 
21 feet, and another close to the lake at 9 feet. From this place 
southward for several miles no old beaches could be found, al- 
though the woods were searched with some care. 

GBACEPORT. 

This place, which is better known as Thayerport or Podunk, 
offers the best display of the lower of the extinct shore-lines 
those which lie below the altitude of twenty feet. The photo- 
graphs, Plate XXXV and the Frontispiece, show the barren- 
ness of the shore at this place, the heavy structure and the 
straight alignment of the beach ridges. The crest of the highest 
of the series, the beach of extinct Lake Nipissing, stands 19 feet 
above the present lake. The lower ridges are from 10 to 13 
feet in altitude. Just north of the bam that is shown in this 
view, the Nipissing beach ridge terminates in an extraordinary 
curve, — almost a perfect circle, several rods in diameter. It 
looks decidedly artificial and might perhaps be the work of the 
Indians. A similar round-ended hook occurs near Baileys Har- 
bor (see page 79). 
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South of Graceport, except for a few 12-20-foot beach ridges 
near the shore of the bay, no distinct shore-lines were found; 
but the high cliffs of limestone which stand some distance back 
from the shore and parallel to it may be in part the product of 
wave work at higher levels. 

STURGEON BAY TO DYCKESVILLE. 

Most of the shore from Sturgeon Bay southwest to the city of 
Green Bay was examined on a two day's trip in a fishing boat; 
for this proved to be the most rapid method of work in a country 
where railroads are absent, distances from towns too great for 
the best use of horse and carriage, and time too short to traverse 
the shore on foot, and to use a level at intervals of a 
few miles. The boat offered a continuous view of the shore; 
and small piers gave frequent opportunities to Itod and measure 
the altitudes of beaches. 

For some distance beyond the light house, towards Little 
Sturgeon Bay, the shore is low and heavily wooded. Marks of 
the 20-foot stage were seen in places. The first landing was 
made at Gus Bosman's lime kiln on the shore a short distaiwe 
west of Little Sturgeon Bay. Just south of this place there ar6 
high limestone bluffs which have retreated beyond the old shore- 
lines ; but north of the kiln the bluff becomes much lower, and 
a shore-line of the 40-foot (Algonquin) stage runs obliquely in- 
land towards the east, — a great bar built of large cobbles and dis- 
coidal bowlders of limestone. Near the kiln the beach stone has 
been extensively taken out and burned for limey exposing the 
heavy structure of the beach ridge, whose crest stands 41 feet 
above the lake. A few rods northeast of the kiln the lower 
sweep of the 41-foot beach is slightly benched and ridged at the 
20-foot level, probably a mark of the Nipissing stage. At a 
headland a short distance southwest of the kiln the coarse stone 
beach is again well exposed, resting on the limestone at the top 
of a freshly cut cliff. From here the beach runs inland to the 
south, but is never far from the bay shore. At several places it 
is interrupted by the retreat of the present cliffs, which occasion- 
ally rise precipitously for 50 or 75 feet, and have here developed 
more rapidly because of the weak Cincinnatti shales beneath the 
limestone near the water *s edge. 
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At 6. F. Lovelett's house (section 25, Gardner) there is a 
strong terrace with beach ridges of the low stages, backed by a 
steep bluflf which has been cut in the outer slope of a great 
gravel bar of the higher stage. This ridge seems to be an old 
barrier beach or embankment of Lake Algonquin similar to that 
at Egg Harbor, built across a broad valley by shore drift towards 
the south. Its crest, 75 rods north of Mr. Lovelett's house, is 
37 feet above the bay ; but it declines slightly towards the south 
to 35 feet, where it is breached by a little stream which drains 
the enclosed lowland. 

South of this place the shore-lines continue southward, back 
from the shore, for several miles. They were not visited again 
until a landing was made at a newly built pier (section 4,. 
Union). The highest beach here is a well built shingle ridge, a 
few rods back from the shore of the bay, and about 35 feet above 
it. For a short distance this beach ridge is split into two slightly 
lower ridges, 32 and 33 feet in altitude. A beach of coarse 
shingle at 18 feet marks the lower stage. 

The beaches were picked up again a mile farther south, where 
the road west from Brussels reaches the shore. A well formed 
19-foot ridge crosses the I'oad not far from the bay, and behind 
it a similar ridge of heavy shingle at 28 feet. This altitude is. 
several feet lower than one would expect, on comparison with 
other data : but no traces of shore action at higher levels could 
be found on the gently rising ground east of the 28-foot beach. 

For several miles north of Dyckesville, (in Union and Eed 
River) the hillsides along the bay are cleared and farmed; and 
the steep cut bank and terrace of a 15-20-foot stage is very^ 
conspicuous. The absence of higher shore-lines is at once ap- 
parent, and due to the fact that in this region of soft shales and 
glacial drift the lake at its lower stages has cut back more- 
rapidly than in Door County, and thus destroyed the higher 
shore-lines. At Red River this bank and bench cut in the red 
till marks a water level not higher than 13 feet, according to 
careful measurements ; but the bench is raised several feet here 
and there by flat fans swept out by creeks which run down to the 
bay, and also by the washing down of the clay slope where cul-r 
tivation has loosened the soil. The bank behind the 13-foot 
terrace is from fifteen to twenty-five feet high, marking a gen- 
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-eral recession of the soft clay cliffs at this low stage beyond the 
higher shore-lines of the Algonquin stage. While the weakness 
of the coast here as contrasted with the solid limestone coast of 
Door County is doubtliess the chief cause of the obliteration of 
older shore-lines by recession of the later cliffs at lower levels, 
it may be remembered that the upper (Algonquin) line of 
beaches is slanting southward more rapidly than the lower (Ni- 
pissing) line, causing the vertical interval between them to grow 
^adually less. For this reason alone, destructive recession at 
the lower stages would proceed more quickly here than farther 
north. The greater importance of difference in coast structure, 
however, is borne out by the fact that the highest of the low 
(Nipissing) shores has itself been lost by benching at the lower, 
13-foot stage. 

DYCKESVHiLE TO GREEN BAY. 

At Dyckesville a distinct sand ridge was found 17 feet above 
the bay. Its crest is followed a short distance by the shore 
road. Behind it a long sandy slope runs up to about 26 feet, 
where there is a steeper slope of red till. No marked shore 
feature at this higher level could be found. 

South of Whitney's bluff no beaches were seen until Point 
Comfort (just north of Kishkekwanteno) was reached. There a 
large series of sand ridges was found, at levels as follows : low 
sand bars at 8 feet, a few rods back from the lake near summer 
cottages ; a 17-foot sand ridge on the private road about 100 rods 
inland; 19 and 22 feet, other sand ridges near the last men-- 
tioned ; and at 35-38 feet, a dune ridge of sand, with an uneven 
crest and a steeper back stope than moat true beach ridges. 
This dune ridge runs for 200 yards or so through the woods and 
then breaks up into a group of sand hills. Between this place 
and Kishkekwanteno, among a cluster of cottages, imperfect 
marks of old lake levels, including one definite bench and blufE 
of a 12 foot stage, were noted. 

At Kishkekwanteno is a stretch of clay banks freshly cut by 
the waves, rising steeply 60 feet above the bay. A long pier 
ninning out to the steamboat landing expresses the shallowness 
of the shore at this place, where the present lake has evidently 
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cut back a submei^ed terrace of considerable width. The fresh 
bank shows laminated red days to about 25 feet above the bay, 
overlain by stratified sands and clays probably of glacio-fluvial 
origin. 

South of Kishkekwanteno the red clay upland declines to 
levels well below the old lake stages; but well formed shore 
features are singularly rare. A faint bluff of red clay runs 
through the fields a short distance east of the shore road through 
sections 31, 6, 1, and 12, (Scott) ; and in sec. 1( Scott) the road 
follows the crest of a pronounced gravel ridge. Evidence of the 
higher (Algonquin) shore were searched for carefully, but with- 
out success. 

Au Sable Point is a long spit of sand, built out by shore 
currents, which sweep the sand southward in great quantities 
towards the head of the bay. Low dunes have raised the spit 
considerably above water level. Long Tail Point just across 
the bay seems to have the same origin. 

In section 23, (Scott) the shore road comes suddenly upon a 
well built bar of cobblestones, whose crest is 17 feet above the 
bay and 8 feet above the hollow which lies behind it, — an old 
lagoon which once separated the bar from a steep cut bank. 
This is the most stony beach found near the head of Green Bay, 
and was described by Chamberlin in his report of 1877*. The 
cobble beach together with a sharply defined bluff, along the 
base of which the road runs for some distance in sections 23 and 
22, bears witness to the importance of this Nipissing stage. The 
old bluff seems to be continuous with a broad ridge of sand in 
section 33 (Preble), on which runs the main road to Green Bay. 
Approaching the city one loses this sand ridge, indicating per- 
haps that it was a spit like Au Sable Point, instead of a continu- 
ous beach. In the valleys of streams east of Green Bay (e. g. 
the one followed by the Green Bay & Western Railroad) in Sec. 
33, (Preble) are marked terraces at several levels, which seem to 
testify to former high-level stages. In one place near the rail- 
road these terraces stand 11, 18, and 37 feet above the creek ; the 
highest of these, being thus about 30 feet above the present 
flood plaiQ, would probably correspond to a lake stage about 30 
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feet higher than the present, the Algonquin, whose record seems 
to be so generally lost in this part of the state. 

In the city of Green Bay and on its outskirts low sand ridges 
indicate that there was active deposition here at the head of the 
bay during the extinct stages, as at present. The old lake floor 
between the ridges and the present shore, a smooth deposit of 
silts, is extensively ditched and cultivated as truck gardens; 
the larger part of it, however^ is so close to present lake level 
that it is too wet to be occupied. Back towards the interior, 
southeast of the city, there are irregular gravel deposits in 
the Fox River valley, which seem to have been shaped by the 
melting ice sheet and its short lived streams and floods, rather 
than by shore processes ; and to the east of the valley, in sections 
45, 33, and 34 (Preble), is a belt of remarkably strong kettle 
moraine topography which will deserve close attention when the 
glacial deposits of this part of Wisconsin are given thorough 
study. 

GREEN BAY TO LITTLE SUAMICO. 

The road from Green Bay to Duck Creek crosses and follows 
several stretches of sand ridges, partly beaches, partly dunes, 
but all apparently within the range of altitude of the Nipissing 
stage). The Chicago & Northwestern Railway between Green 
Bay and Big Suamico, passes over many miles of the low lake 
plain, occupied by truck gardens near Duck Creek, but else- 
where an expanse of unused swamps, covered with second 
growth. 

Just west of the Chicago, Milwaukee & St. Paul Railway, 
about a male north of Cormier station, (in Sec. 9, Howard), an 
east-west road crosses a well marked ridge of gravel and sand 
whose crest, according to levels from the raillroad, stands about 
28-29 feet above the bay. This, then, must be the Algonquin 
beach. (Plate XXXVI, Fig. 1). On the till slopes just west 
of this ridge no higher traces of water action could be found. 
A mile and a half farther north (in Sec. 33, Suamico) a cluster 
of dunes and a beach ridge was seen not far east of the St. Paul 
Railway; but they seemed to stand at a lower level than the 
Algonquin. A short distance west of here (in Sec. 33) on the 
west side of the main road, there are some indications of wave- 
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cut banks; but they seemed too indefinite to be of much value. 
At Big Suamico the Northwestern Railway cuts through deposdts 
of gravel and sand which stand about at the Algonquin level 
(30 feet) but their topography is very irregular. They may 
represent a poorly developed or modified delta of the river at 
the highest stage of the lake, as Taylor su^ested.* 

IJTTLiE SUAMICO TO OCONTO. 

The features described in the last section are ^rp^^al of the 
entire stretch of shore from Green Bay to the State boundary 
at Marinette. The low swampy lake plain stretches inland for a 
distance of one to six miles, interrupted by low ridges of sand 
which are often very faint in expression but remaikably con- 
tinuous, and by occasional groups of dunes. There was little 
or no erosion by the extinct lake along this shallow coast, but 
rather continual deposition in the form of beaches and bars. 
The record of lake stages, therefore, is peculiarly complete, even 
though it has weak expression. 

At Little Suamico in a field a few rods west of the railroad 
station a faint sand ridge may be traced northeastward througli 
the village and thence for two or three miks in a northerfy di- 
rection. The State road follows the crest of it for a long dis- 
tance, whence it is locally known as the '"State road ridge." It 
is about 12 feet above the bay. Although so faint in expres- 
sion, it stands high enough to offer a dry path across long 
swampy stretches of ground, and was well known to the lumber- 
men and early settlers, and doubtless to the Indians. ]With 
many slight interruptions and offsets, it is said, this ridge may 
be followed for a score of miles along the shore. There seem 
to be ridges also at a 16-foot level, which are closely associated 
with the 12-foot ridge, and might easily be confused with it. 
Fragments of these low beaches were seen along the line of the 
Northwestern railway, at many places (e. g. in sections 27, 22, 
and 14), but it seemed inadvisable to attempt to trace them 
continuously through the low country. 

A half mile west of the railroad station at Little Suamico are 
two low but well built sand ridges which run northward, skiit- 
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ing the village, and connecting with a cut bank and terrace neax 
the road at the northeast comer of section 13 (Plate XXXVI, 
Pig. 2). This cut bank is the only one observed along the west 
side of Green Bay, so uniform has been deposition rather than 
erosion at all stagea It continues only a few hundred yards be- 
fore it passes again into a beach ridge, close by the district 
school. The bluff and bench has not a very sharp outline; for 
it is cut in sandy drift, and has suffered much blurring by culti- 
vation and rain wash. Leveling from the railroad station showed 
that the average altitude of the bench and of the crest of the 
beach ridge is 31 feet above the bay, — ^just where the Algonquin 
beach should be, judging from other data. Beyond the school 
house the old beach seems to fade away; but in section 31 
(Pensaukee) two sandy ridges (the lower at J. A. Haskin's 
house) seem to be beaches or dune ridges of the same series. 
Just south of Oconto River the railroad cuts through a 16Tfoot 
sand ridge once more. 

OCONTO TO "MARINETTE. 

Just north of Oconto station the Northwestern railway cuts 
through several low sand ridges, which because of their irregu- 
lar form and uncertain trend seem to be dunes rather than 
beaches. A mile or so farther north the state road crosses the 
track, following the crest of a 12-14-foot sand ridge for over a 
mile. The road then bends slightly (in section 1, Oconto) run- 
ning due north, and rising rather steeply reaches the crest of a 
higher beach ridge. This one is quite broad and well defined 
where the state road crosses the town line; but its topographic 
expression is not strong. Levels run up from the railroad deter- 
mined the crest of the ridge to be 39 feet above Lake Michigan. 

A mile south of the county line, near Wilcox station, the rail- 
road outs two ridges of stratified gravels, the higher one being 
a much more marked topographic feature than any of the 
beaches seen elsewhere on this stretch of low shore. Inasmuch 
as this ridge is built of coarse gravels and not far behind a till 
ridge which is as high if not higher, it seems hard to believe that 
it is a beach, although it stands (according to hand-level from 
the railroad) exactly where the Algonquin beach belongs, 41 
feet above the bay. 
7 
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From .Wilcox to Peshtigo and Marmette no definite trace of 
the highest shore-line was found, althoagh search was made for 
it. In Marinette, particularly, an effort was made to discover old 
beaches; but aside from a few low and discontnuous sand ridges 
near the base ball grounds, nothing characteristic was found 
at the Algonquin level. The nearest place to Marinette where 
Taylor found the Algonquin beach is Birch Creek, Michigan,. 
6 mDes north of Menominee, where an aneroid measurement 
placed it at 46 feet. This is over 10 feet too low to agree with 
the data collected from the Door County peninsula. It is quite 
likely that a more thorough exploration of the Green Bay-Mari- 
nette shore would bring to light many fragments of beaches; 
because the time spent in this district was necessarily limited, 
and because without knowing railroad altitudes at that time 
there was oonsiderable difficulty in judging altitudes when 
searching for beaches on the broad gently sloping surface. It 
is certainly true, however, that beaches in this district are both 
faint and poorly preserved. Enough data was secured to show 
that conclusions regarding tilting, already deduced from the 
study on the eastern side of Green Bay are confirmed by the 
beaches on the western side. 
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CHAPTER IV. 



RECONSTRUCTION OF THE WARPED WATER- 
PLANES. 

DETERMINATION OP ALTITUDES. 

On the way northward along the shore-lines, altitudes of the* 
beaches or terraces were determined wherever they were found 
strongly developed. In studying the district between Port 
Washington and Sheboygan, the aneroid barometer was at first 
used as a convenient method of determining the heights of. 
beaches; but a week's experience sufficed to show the confusing- 
inaccuracy of it. The instrument was especially erratic near the* 
lake, probably on account of cool lake breezes on the hot sum- 
mer days. The Locke hand level was therefore used whenever 
practicable; but in many places the distance between the old 
shore-lines and the lake, and the varying slopes, frequently cov- 
ered with underbrush or with grain, made possible errors of five 
or ten feet in hand-level measurements. Hand-leveling with a 
rodman was tried in one or two cases; but it proved to be hardly 
more rapid, and much less accurate, than outright leveling with 
the wye level. South of Sturgeon Bay, during the first part of 
the season, most of the measurements were made by hand level; 
but in the fall many critical localities were revisited and several' 
lines of levels were run with the wye level. North of Sturgeon' 
Bay nearly all the measurements were made with the wye 
level. On the plotted profile (Plate XXXVII) aU the ordinate^, 
mark wye level measurements except one at "Wilcox, where a 
sand ridge crosses the railroad. The lake was used as a base- 
for all measurements except those on the west side of Green Bay 
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and a few in Kenosha county and south of the Illinois line, 
where bench marks were obtained from railroad profiles through 
the courtes?y of division engineers of the Chicago and North- 
western Railway. 

Some error, possibly a foot or two, is involved in estimating 
the absolute water level of the lake at times when an on-shore 
wind heaped the waters upon the shore and a strong surf was 
running. Most of the levels, however, probably need little cor- 
rection for this reason. The inaccuracy of the leveling itself 
can hardly amount to more than a foot on the longest traverses, 
e. g^ to the Algonquin beach ridge near Whitefish Bay, a round- 
labout distance of three miles. In choosing the point to be mea- 
sured, the crest for a beach ridge was taken as the only deter- 
minable datum for the old water-plane, although it is of course 
reoognized that the beach ridge probably stood anywhere from 
three to six feet above the actual water-plane, according to the 
configuration of the shore and the exposure to wave action* 
Where a cut terrace and bluff was measured, the datum is the 
javerage height at the base of the bluff, care being taken in each 
*jcase -to avoid places where the terrace has been locally raised a 
"llittle by flat alluvial fans from ravines or by wind-drifted sand., 
"lln cases where both a terrace and a beach ridge were seen 
•-connectiing laterallj^ as is usual where an old stream valley 
KLCauses an interruption in the line of cliffs, the crest of the bar is 
^generally two or three feet higher than the corresi)onding bench. 
In the Egg Harbor case (p. 89) the great barrier bar stands six 
feet higher than the rock terrace from which it tails out. In 
other cases, however, (e. g. at Little Suamico, p. 97) the terrace 
And its bar do not differ a foot in altitude. Occasionally a sand 
ridge shows signs of modification by dune action, in which case 
little value has been attached to its altitude. In a few cases, 
also, cliffs and benches are too obscure in form to be significant 
•except when correlated with neighboring benches of distinct 
form. 

The symbols used in the diagram are intended to indicate all 
ihese irr^ularities as well as the probable accuracy of the mea- 
surements. Considering the highly exaggerated vertical scale 
j(500 times), the discrepancies between ordinates and inferred 
water-planes are remarkably few and of small amount 
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CONSTRUCTION OF THE PROFILE OF WATER-PLANES. 

No plotting of results was done until the east shore of the 
Door County peninsula had been followed up to the ^^Door"' 
and around Washington Island. It was then found that the data 
collected could be reduced to a systematic set of tilted water 
planes which slant south-southwest, in the direction of the axis 
of the peninsula. Subsequent leveling on the journey back, ob 
the west side of the peninsula, fulfilled expectation in almost 
every instance. It was not until after the close of the field 
season, however, that the altitudes of the beaches on the west 
side of Green Bay were reduced from the railroad datum to lake 
level, and the discovery made that the data agree more closely 
with water-planes slanting more nearly due south than 
was at first supposed. After experimentation, therefore, the 
ordinates were plotted with reference to a plane dipping S. 15^ 
W, — ^the direction of steepest ascent of the shore-lines being not 
far from N. 15° E. Mr. Leverett had previously come to the 
same conclusion ; i. e. that the direction of steepest tilt of the Al- 
gonquin plane is more nearly due south in the Lake Michigan 
basin than in the Lake Huron basin.* 

THE HIGHEST ALGONQUIN WATER-PLANE. 

Taylor has identified the 35-40-foot shore-line at Sturgeou 
Bay and Dreutzer's quarry as the highest of the Algonquin, 
series; and although in his reconnaissance of 1893 he obtained 
no measure of its altitude farther north in Wisconsin, his ane- 
roid measurements at several places in the upper peninsula of 
Michigan sufficed to show a northeastward ascent of the 
water-plane amounting to more than a foot per mile. The 
scanty observations south of Sturgeon Bay (at Green Bay and 
Kewaunee) apparently justified his conclusion that the Algon- 
quin plane continues to slant south and dips under the lake near 
Two Rivers ; but much doubt was later thrown on this theoreti- 
cal conclusion by Taylor's own work on the east side 
of the lake. This unsettled question of the southward continu- 
ance of the Algonquin beach, possibly becoming horizontal above. 



♦ Personal communication to the writer. Feb. 12, 1906. 
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Lake Mjchigan and continuing southward around the head of^ 
the lake, thus involving the use of the Chicago outlet by Lake 
Algonquin, was naturally the problem of greatest interest in the 
summer's work. Of nearly as great interest was the possibility 
that the Nipissing shore-line, in like manner, might become 
horizontal above the present lake, instead of going under some 
distance north of Washington Island. 

The highest Algonquin shore-line was followed with a good 
many interruptions the entire length of the Door County paiin- 
fiula and easily identified on Washington and Rock Islands. 
Thirty lines of levels, run up from the lake across the highest 
beach at localities where it was found best developed, together 
with less accurate hand level measurements which are not shown 
on the diagram, and some continuous tracing, fully establish 
this water plane. From the 40-foot terrace atDreutzdr's quarry 
near Sturgeon Bay to the 95-foot bench at Washington Harbor 
there is an ascent of 55 feet in a distance of about 40 miles^ 
making an average rate of 1.38 feet per mile; but if this tilted 
plane (shown in the diagram as ** water plane A") is analyzed, 
the rate is seen to increase from south to north, so that 
in the last 19 miles from Ephraim to Washington Harbor it is 
1.63 feet per mile. The ordinates on which this plane is recon- 
structed do not vary more than three feet from it ; but in three 
cases the crest of the highest beach deposit is five or six feet too 
liigh. One of these is the crest of the great barrier bar at Egg 
Harbor, which stands six feet above the wave-cut terrace from 
'which it tails out, and which has a distinct beach crest at the 
•same level as the terrace, showing that the barrier bar at this 
exposed place stood several feet higher than the old lake. At 
Jacksonport at two places a ridge-like accumulation of only par- 
tially rounded stones lies five or six feet above the supposed 
water-plane, which is here marked by a beach ridge at the ex- 
pected level. At. Baileys Harbor the old wave-worn cliffs in 
the northern part of the village furnish a less accurate ordinate 
than the two beach ridges; but in certain exposed places there 
is a bench as weU as a cliff. There is little difficulty in deter- 
mining at each place that it marks the upper limit of lake-shore 
.^ctionj. 

;6outhi of Sturgeon Bay the record is far less complete than 
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out on the peninsula ; for the coast and the hillsides cease to be 
rocky, and there is only a thick deposit of red clay, in which the 
recession of cliffs of the lower stages (including the present 
stage) of the lake has destroyed the higher shore-lines, some- 
times only in part, sometimes completely. Near the head of 
Oreen Bay the sand ridges have suffered much change of form by 
the action of wind (e. g. at Point Comfort). This is true of the 
beach ridges which follow at some distance the low and swampy 
coast west of Green Bay, where the flatness of the old lake floor, 
which was shallow for a long distance out, makes the beaches 
less pronounced in their development than elsewhere. The 
four measurements obtained by leveling in this district, how- 
ever, (and the hand-level ordinate at Wilcox) agree closely with 
the data collected on the two stretches of shore to the east. 

The combined measurements around Green Bay, with the few 
available measurements on the highest beach along the Lake 
Michigan shore, (at Clay Banks, Algoma, Eostok, and Foscoro) 
bring the Algonquin water-plane gradually down from 40 feet 
at Sturgeon Bay to 28 feet near Cormier station, at a contstantly 
decreasing rate of descent which averages 1.08 feet per mile, but 
is so diminished towards the south as to be but a fraction of a 
foot per mile near the head of Green Bay. It seems probable 
that the Algonquin plane becomes almost horizontal at this 
height. The presence of a beach ridge at Two Rivers at an alti- 
tude of 26 feet above the lake goes far towards confirming this 
view. The evidence south of Two Rivers is rather obscure, and 
can be beet appreciated after the lower shore-lines of the north- 
eastern district have been considered. 

LOWER ALGONQUIN WATER-PLANES. 

Perhaps the best starting point for the analysis of these lower 
planes is the line of ordinates near the Death's Door bluflE, at 
the exposed end of the Door County peninsula. A distant veiw 
of the great headland (Fig. 1, in Plate XXX) shows three 
deeply cut steps or notches, corresponding to the measured ter- 
races at heights of 22,46, and 62 feet above Lake Michigan. (See 
Pig. 26). The highest Algonquin shore-line, at 79 feet, is here a 
beach ridge, hidden by woods. The three water-planes marked 
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by these great terraces are manifestly stages of more than moder- 
ate duration of the lake. The steep bluffs behind each terrace 
are comparable in height to the present cliffs at the base of the 
headlands. Distinct records of each of these three stages may 
therefore be expected elsewhere, at those places where they haye 
not been destroyed. Intermediate stages of shorter duration 
may of course have been less plainly recorded here, and then de- 
stroyed by the recession of one of the conspicuous rock hluSa 
during a lower stage. Below the 22-foot bench there are no ter- 
races, — ^merely two beach ridges at 16 and 7 feet. It may be in- 
ferred, therefore, that after the 22-foot stage the lake did not 
stand long at levels above the present. The 7-foot beach ridge is 
probably a storm beach of the present lake, or one built in recent 
years during a possible high water stage, like that of 1838. (See 
p. 39). The 10-foot ridge also may be of no very great age, 
marking a fluctuation of the lake due to a change in rainfall. 
The 22-foot bench however, is far too strong to have been cut out 
in a few years such as the period of high water of 1838. 

Referring now to the profiles at Washington Harbor, (Fig. 24) 
on the similarly exposed northern side of Washington Island, one 
may quickly see that not only are the three strong planes again 
well marked, but others occur, which were absent near the Door. 
The lowest plane is marked in both parts of the village by a 
bench at 20-22 feet; but a few feet above this is sometimes a 
ridge of chipstone. Near the pier, the ** White House'' stands 
on the 6-foot bench. At the head of the bay, a 28-foot beach 
ridge, likewise, is preserved for only part of its length; else- 
where the 22-foot terrace lies at the base of a steep bluff. These 
bars seem therefore to record a stage of comparatively short 
length. It is noticeable that this lowest terrace is at approxi- 
mately the same height as at the Door. The next higher stage 
is marked at Washington Harbor by a broad sloping terrace of 
nearly bare rock, 44r-52 feet above Lake Michigan, which is mani- 
festly a mark of strong wave work, but one on which it is hard 
to fix accurately the old water-plane. The third plane is marked 
by rock benches near 70 feet, — about ten feet higher than at 
the Door. The highest shore-line at Washington Harbor is com- 
plex, at both parts of the village where it was examined. It is 
marked by three benches and a ridge near J. S. Connell's 
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bam and by a single and a double crested ridge east of the 
post office. The complexity of this highest stage as it appears on 
Washington Island and the simplicity of its record near the 
Door is not hard to understand; for near the Door the 62-foot 
cliflF has receded to the outer edge of the highest or 79-foot 
beach ridge leaving no chance for beaches of intermediate alti- 
tude. 

The photograph of Boyer Blufif (Plate XXX, Fig. 2), not far 
from Washington Harbor, shows that there the 20-foot terrace 
has been lost by the •retreat of the high cliflPs which rise perpen- 
dicularly from the water's edge. The three higher steps cor- 
respond to the 50-, 70- and 90-95-foot stages, — ^the highest Algon- 
quin being here marked by a terrace. The 20-foot terrace is 
preserved with strong outline at West Harbor, a few miles 
south of the point, as Plate XXXII, Fig. 1, shows. 

At Detroit Harbor the double character of the highest stage 
is confirmed by the plotted ordinates. Perhaps the less exposed 
character of this side of the island may account for a slightly 
lower beach crest than was anticipated; or it may be that the 
line of levels from the shore up to Idylwood is a foot or two too 
low (on account of the difficutly of judging the level of the lake 
on a day when the waves were running high). None of the 
shore-lines on this south side of the island are so well marked as 
at Washington Harbor. The 70- foot terrace, especially, is traced 
with difficulty. As before, several ridges lie between a strongly 
cut 20-foot shore- line and the present lake. 

In tracing these four or five prominent planes southward, it 
will be useful to designate them at A, A', B, C, and D, as has- 
been done in Plate XXXVII. The ordinates harmonize to a re- 
markable degree with those water planes. The complexity of the 
highest Algonquin is almost everywhere apparent. At BUisott 
Bay, where a protected part of the old shore was unfortunately 
chosen, all shore-lines above the strong 19-foot terrace and bluff 
are weak, and the two highest shore-lines are not fully marked 
out. At the three places between here and Sister Bay, the 
double structure of stage A-A' is clearly indicated. At Apple- 
port, on the east side of the peninsula, the 64'-foot beach lies on 
the crest of a high ridge of till and bed rock, while the actual 
highest shore-line. A, is found more than a mile farther west 
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near the center of the peninsula, at the school house. At Sister 
Bay fragments of terraces for A and A^ occur, as well as cor- 
responding beach ridges. Fish Greek furnishes one of the best 
records of the two closely associated water levels, at 55 and 60 
feet. The overhanging cliffs at Bailey's Harbor, bordered 
usually by the sloping terrace of a lower stage, afford only a 
partial record of the highest Algonquin stage. At Egg Harbor 
two beach ridges near the crest of the great barrier embankment 
suggest that the highest shore-line is not a single one. South of 
Egg Harbor there is no distinct sign of plane A' ; which makes it 
seem probable that it converges to meet plane A somewhere near 
Whitefish Bay. At Jacksonport a cliff has been cut back to the 
line of the highest beach, allowing no chance for A' to be pre- 
served, if it were ever there. 

Plane B, which forms the highest notch in the Death's Door 
Bluff and the 70-foot step at Washington Harbor and Boyer 
Bluff is elsewhere less sharply recorded than either the highest 
plane or those below. On the gently sloping hillsides at Detroit 
Harbor its development as a terrace is naturally 6bscure. At 
several places south of the Door the relative indistinctness of 
this terrace is noticeable, and may indicate a gradual lowering 
of the waters, during which a sloping terrace rather than a 
definite one was cut at the base of the rock cliffs. This view is 
confirmed by the large series of beach ridges and terraces at 
Bailey's Harbor and Juddville at altitudes intermediate between 
this plane and the next lower one. The 34-foot bench and beach 
ridge at Jacksonport undoubtedly lie on this plane. Farther 
south it seems to be marked by the 30-foot cobble ridge at White- 
fish Bay and perhaps by the 27-foot beach at S. Anderson's 
house (near Clay Banks). The reconstruction of this part of 
plane B is however uncertain, as the dia^am indicates. 

Plane C is likewise easily identified at the Door and Wash* 
ington Island, where it forms one of the great steps, and for 
about thirty miles south to Jacksonport. It is marked by un- 
mistakable benches and ridges at nearly every point. Its ab- 
sencfe at Egg Harbor is explained by the great cut bluff of the 
'next lower stage, which has here worn back the outer slope of 
the barrier ridge nearly to its crest. South of Jacksonport there 
is hardly suflScient data to identify it. 



r 
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The profile (Plate XXXVII) shows a gentle but distinct 
divergence of these higher water-planes from south to north 
along the Door County peninsula. The probability of a split- 
ting of A' from A near "Whitefish Bay has already been sug- 
gested, on the basis of the slightly decreasing interval between 
these two planes as they pass from north to south, and the 
absence of a double record south of Egg Harbor. This diver- 
gence probably indicates a slight tilting of this part of the lake 
basin before the water fell from plane A to A'; the vertical 
forking of the beaches recording a slight differential uplift 
which affected merely the district north of Whitefish Bay, lift- 
ing it a few feet above its former level. On the other hand it is 
not impossible that the slight divergence indicates simply the 
-diflference in local attraction of the ice sheet at two successive 
positions. It has been found by computation that the lake sur- 
face within sixty miles of the ice front may have slanted up- 
wards 8 inches per mile, and within a few miles of the ice front 
.as steeply as 2 feet per mile.* If, therefore, after its temporary 
halt, while the shore-line of plane A was being formed, the ice 
withdrew rapidly to a considerable distance and halted again, 
the diminished attraction on the water-plane might account for 
all the divergence between A and A'. 

Planes A' and B seem to be essentially parallel throughout 
this district; but B and C show a distinct divergence, the in- 
terval of more than twenty feet at Washington Island decreasing 
to less than ten feet at Bailey's Harbor and Jacksonport. This 
divergence of over ten feet in thirty miles is again within the 
range of explanation by northward withdrawal of the attractive 
force of the ice sheet. It is clear, however, that if ice attraction 
alone was operating at this time (and no uplift going on), each 
plane should slant less steeply than the one next above it: not 
only should C be more nearly horizontal than B, but B should 
be flatter than A'. If, therefore, B and A' are exactly parallel, 
as the profile (Plate XXXVII) suggests, then ice attraction 
<5annot be the whole explanation; and we must resort to diflfer- 
ential uplift, which bent the planes upward while they were be- 
ing registered by beaches and terraces. With this hypothesis we 



♦ "On the Fonn and Position of the Sea Level." R. S. Woodward. 
U, S. Geol. Surv., Bull. 48. 1888. 
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may suppose that the fifteen foot drop from A' to B was con- 
trolled by the cutting down! of the outlet, or the opening of a 
new one, or possibly by some extraordinary fluctuation in volume 
of the lakes, while the land stood still ; and that A^ and B were 
uplifted together after B had been recorded and before C waft 
marked out. 

The great divergence of planes, however, is between C and D- 
C slants southward from 54 feet at Washington Island to 30 feet 
at Jacksonport, while D falls only about six feet in the same 
distance. The nearly horizontal attitude of this 20-foot plane 
is very apparent. 

The occurrence of beach ridges around Washington Harbor 
and on Washington Island, a few feet above the Nipissing plane, 
suggests that a still lower plane of Lake Algonquin rises here 
from plane D, as indicated on the profile. 

THE NIPISSING WATER-PLrANE. 

At every locality where old beaches were observed (except at 
the high cliflfs at Boyer Bluflf) a 20-foot stage was observed to 
be peculiarly distinct, and its persistence as a nearly horizontal 
plane was recognized on the journey northward from Sturgeon 
Bay before any ordinates were plotted, and while the north- 
ward ascent of the highest shore-line was being confirmed by 
each new line of leveling. It is altogether probable that the 
18-foot shore-line seen by Whittlesey in 1850 on St. Martin's 
and Washington islands* is this one. The presence of many 
beach ridges and occasional benches between the 20-foot shore- 
line and the lake shows that the drop from the 20-foot stage wa3 
very gradual. Nowhere on the Wisconsin shore is this lower 
series of beaches more plainly exposed than at Graceport, where 
the photographs in Plates I and XXXV were taken. As the 
20-foot beach was traced northward, step by step, to Washington 
Island with almost no increase in altitude, the conviction grad- 
ually grew that it is the Nipissing beach of Taylor, which waft 
traced southward by him in the upper peninsula of Michigan 
from 45 feet at Mackinac Island to Gladstone and Escanaba, 
where it stands about 20 feet above the lake, and was at first 



♦"Geology of the Lake Superior and district," Part II. Senate E2zec. 
Doc. No. 4. 1851 p. 271-272. 
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43upposed to continue southward only a short distajice before it 
dipped under Lake Michigan. Taylor's more recent work in 
Michigan has suggested that the Nipissing beach extends farther 
south above the present lake. His acceptance of the strong 
20-foot shore-line of Door County as the Nipissing shore-line, 
in a letter of Sept. 11, 1905,* leaves little doubt as to its identity. 
Sofuth of Sturgeon Bay in the region of thick glacial drift, in 
which terrace cutting and bluflE recession is rapid, the Nipissing 
bluflfs are wonderfully conspicuous. The long line of abandoned 
**clay banks'' which run southward from the village of that 
name nearly to Algoma, and again for a few miles beyond, have 
already been described on pages 67-69. These old bluffs rise at 
times to a height of eighty feet, and are often as steep as fifty 
degrees. The significance of this exceptional height deserves 
careful attention. In the first place, it does not signify neces- 
sarily that the lake stood for an exceptionally long time at the 
level of the Nipissing shore-line for we may suppose that Lake 
Algonquin had previously cut back a line of cliffs and terrace 
which stood only eight or ten feet above the Nipissing level, so 
that the Nipissing waves had only to beat back the low cliffs as 
far as the old Algonquin shore-line in order to develop such re< 
markable bluffs as have been left at Clay Bankd. What is stiU 
more important is the fact (made known by Taylor) that at the 
close of the Algonquin stage the lake dropped to a very low level 
(on the opening of the North Bay pass), and that from that 
time on to the Nipissing or *'two outlet'' stage the waters repeat- 
edly rose upon the shore (as regional uplifts brought the North 
Bay pass up to the level of the pass at North Bay) affording 
most favorable conditions for cliff development and cliff reces- 
sion. This unique feature, — ^the rising of the lake up to the 
level of the Nipissing shore-line — ^when contrasted with the low- 
ering of the lake to other stages, accounts for the prevalence and 
strength of cliffs along the Nipissing shore. 

EXTENSION OP WATER-PLANES SOUTH OP TWO BIVERS. 

The activity of erosion along the lake shore at the present 
level, south of Two Rivers, has already been commented on, and 
its destructive work in cutting away all record of higher stages 

^Personal communication to the writer. 
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for many miles. An exhaustive study of the ravine terraces, in 
these regions where shore terraces no longer remain, might fur- 
nish valuable data for carrying the old water-planes across the 
vacant stretches with greater certainty. These terraces are sig- 
nificant but not accurately determinative of the Algonquin and 
Nipissing planes. Two prominent terraces were frequently no- 
ticed, at heights appropriate to the two chief water-planes of the 
area. In 9om;e places intermiediate terraces suggested inter- 
mediate lake levels. 

The 12-15-foot terrace and bluflf at Centreville, fifteen miles 
south of Two Rivers seems to represent the Nipissing stage, since 
it is within a few feet of the altitude of the Nipissing bench 
at Two Rivers (18 feet above the lake). Whether in the fifteen 
miles interval the Algonquin water-plane has? declined to the 
Nipissing or not is a difficult question to answer. A tilt rate 
of a few inches per mile southward from Two Rivers would 
carry it down to the level of the 15-foot terrace at Centreville. 
This question will be discussed under the next heading. A more 
detailed examination of the stream terraces on Point River, Point 
Creek, and Silver Creek might be of value in separating the 
Algonquin from the Nipissing plane. Some of the terraces on 
these streams stand as much as 35 feet above Lake Michigan, and 
thus suggest an extension of the water-planes of Lake Chicago 
as far north as this. 

In the few miles of abandoned shore-lines which are preserved 
between Sheboygan and Port Washington the higher beaches 
(presumably Glenwood and Calumet of Lake Chicago) are weak 
and obscure as compared with the terrace and bluflf of the 
15-foot stage. The height of this terrace is substantially uni- 
form from 14 to 16 or 17 feet, but rarely more than 14 feetw 
This indicates that there is no appreciable inclination of the 
Nipissing plane between Centreville and Port Washington. 

The Fox Point terrace seems to carry the Nipissing plane 
fifteen miles farther south at essentially the same level (15 to 
20 feet as determined by aneroid measurements by Alden). 
In Racine county the present lake cliflfs are everywhere more 
than twenty feet high, usually much higher, so that there neither 
the Algonquin nor the Nipissing can be preserved; but at Ke- 
nosha the Toleston beach appears at the brink of the lake cliflfs 
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and runs inland interruptedly, at an altitude of 20-25 feet while 
still lower ridges between the Chicago and Northwestern rail- 
way and the lake mark presumably the Nipissing and recent 
levels. 

Before reaching the State line the profile of the abandoned 
shores has taken the form which characterizes it for most of the 
distance southward to Waukegan, Illinois. (See Fig. 4)). The 
persistent bluff and terrace of the 13-15-foot stage is a far- 
stronger record of shore processes than either of the Lake Chi- 
cago beach ridges which lie above it, and might at first sight 
be taken to mark a much more permanent stage of the lake ; 
but as has just been remarked, the bluff seems rather to record 
the gradual rising of the lake during the uplift of the North 
Bay outlet. 

DEDUCTIONS CONCERNING THE ATTITUDE OF THE WATER-PLANES. 

In the plotted profile (Plate XXXVII) no attempt is made 
to carry the Algonquin planes down to their points of coin- 
cidence with each other or with the Nipissing plane. There are 
not enough data in eastern Wisconsin to warrant so complete a 
reconstruction. But on the basis of what has been found else- 
where regarding the history of Lake Algonquin and Nipissing, 
the shifting of the outlets and the differential uplifts, a hypo- 
thetical profile may be worked out, which includes those elements 
of structure that are missing in Plate XXXVII, especially the 
relation between the Algonquin and the lower planes. 

In Huron county, on the ** thumb'' of Michigan, the Algon- 
quin beach was reported by Lane at 25 feet above Lake Huron, 
and the Nipissing at 11-14 feet.* Between there and Port Hu- 
ron there seems to be little if any inclination of the beaches. 
Taylor and Leverett found the Algonquin beach to be 603-605 
feet above sea level at Port Sanilac, or 23-25 feet above Lake 
Huron (since the altitude of the present lake was taken as 580 
feet.) West of Lake Saint iCladr the Al(gonquin shore-line 
seems to be several feet lower, but this is thought by Taylor to 



♦Geological Report on Huron County, Michigan, Geol. Surv. Mich., 
vol. 7, part II, 1906, pp. 7S-76; and personal conmiunication from Dr. 
A. C. Lane, Jan. 6, 1906. 
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indicate not a differential uplift, but the fall of the plane along 
the Saint Clair River.* 

If the Algonquin and Nipissing planes are horizontal at about 
25 feet and 14 feet respectively, at the south end of Lake 
Huron (showing that there no deformation has affected this 
part of the region, since the beginning of Algonquin time) then 
the shore-lines at the southern end of Lake Michigan should 
also stand horizontal, and at just the same height above the 
present lake. It has already been mentioned (on p. 101) 
that the lines of equal deformation run in a direction about 
15 degrees south of east (perpendicular to the direction of maxi- 
mum inclination, which is about 15 degress east of north) 
Horizontal shore-lines in St. Clair and Sanilac counties (Michi- 
igan) would mean, therefor, horizontal shore-lines in eastern 
Wisconsin, at least as far north as Centreville. So far as the 
shore fragments described in the present report are determina- 
tive, they show essential horizontality of a strong 14-foot shore- 
line as far northward as Centreville, if not farther. This is 
probably the Nipissing, because it seems to be continuous north- 
ward with the terraces described by Taylor and by Russell in 
upper Michigan. The close correspondence in level between the 
Toleston beach ridges at Evanston, Illinois, (24 feet above Lake 
Michigan) and the highest Algonquin beach ridge at Two Rivenr 
(26 feet) suggests, similarly, that the plane of the Algonquin 
shore line is horizontal and 25 feet above the lake as far north 
as Two Rivers. 

From these considerations it seems probable that the southern 
part of the region, including the Port Huron outlet and the 
southern half of Lake Michigan has been unaffected by any of 
the earth movements which deformed the central and northern 
part of the Great Lake region during the existence of Lake 
Algonquin and its successors. Perhaps the successive deforma- 
tions of Lake Algonquin, like those described by Up- 
hamf for Lake Agassiz progressed northward, following the re- 



* Personal cammunication from Mr. Leverett, Feb. 12, 1906. 

t "The elevation progressed from south to north and northeast, like a 
wave, permanently uplifting successive areas, except so far as the bor- 
ders of each necessarily shared in the movements of contiguous tracts 
earlier or later uplifted." Monograph 25. U. S. Geol. Surv., p. 486. 
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treating ice-front like a wave of uplift. For the sake of sim- 
plicity, it will here be assumed that each uplift was uniform 
over the area affected, tipping rather than warping the area. 
This distinction is expressed in the profiles in Figure 34, A 
and B. A consideration of the tipped attitude of the Nipissing 
plane, as reconstructed by Taylor over an extensive area, gives 
strength to this view of successive tipping rather than warping 
movements. 





Vlg. 34.— Profiles illustrating the fan structure of water-planes, produced by (a) 

uniform uplifts, and (b) differential uplifts. 

In the profile diagram, stage A of Figure 35, the ice front is 
supposed to have withdrawn a considerable distance north of 
the Port Huron outlet. Time enough has elapsed for definite 
beaches and terraces to be marked out around the water-plane. 
A rapid uplift now occurs in the northern part of the region, 
and that part of the water plane which lies north of the nodal 
point ^^a" is tilted towards the south. — Since the node lies north 
of the Port Huron outlet, the water plane at the south end of the 
lake (in both the Huron and Michigan basins) is not affected. 
This uplift may tip the plane north of a" evenly to a slanting 
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position (Figure 35, B). The rapidity of the uplift (as com- 
pared with the rate of shore-form development) is indicated by 
the absence of intermediate water marks. A horizontal plane 
(number 2) marks the new lake level. An interval of stability 
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Fig. Sfr—Proflles showing the development of a fan warped planes by successive 
uniform uplifts of a zone of deformation which migrates northward with re- 
treating ice front. A, B, C, D, successive stages. H, outlet at Port Huron. 
A, B, successive nodal points of deformation. 1, 2, d, successive planes of 
L#ake Algonquin. 



now takes place, perhaps while the ice is slowly withdrawing or 
is at a standstill; and the new plane is registered by terraces 
and beaches. Suddenly there comes a second uplift, which as 
before affects the region within a certain distance of the ioe 
front, tilting the northern part of the plane evenly ; but failing 
to change the attitude of the planes south of node ^'b/' As a 
result, the two planes are deformed north of the new node, hori- 
zontal plane number 2 being tipped (just as the plane number 1 
was tipped before) and the northern part of the inclined plane 
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number 1 being tilted an additional amount over its former 
position. So the planes eomie to have a warped rather than a 
tipped attitude, since on account of the northward migration of 
the zone of deformation the southern part of the planes are 
affected by several later uplifts. It is thus possible to prbduoe 
a series of diverging planes which appear in profile like warped 
curves, the angles above each node being so low as to escape 
notice. It is of course possible, on the other hand, that each 
uplift, instead of being a plane tilting or tipping, is a differen- 
tial warping, the rate of uplift being more rapid near the 
ice front than farther south. If so, the lines representing the 
planes in profile are really curves (like Fig. 36) instead of bent 
lines. 




Fig. 36.— Profile of planes warped by differential uplifts of a zone of deformation 
which moved northward as the ice front withdrew. 



Ill this way, then, the successive planes of Lake Algonquin 
may have been warped as the ice-front withdrew and while it 
lingered in the northern part of the Great Lake region, until a 
feather-like profile was produced. There is reason to suppose 
however that the outlet was being deepened and widened, all 
the while, causing the lake level to fall during each stage, and 
thus separating the planes slightly, as in Fig. 35 D. and Fig. 37. 

Next, for the sake of simplicity, we may imagine that no lower 
outlet for Lake Algonquin than the one at Port Huron was found 
across Ontario until the Nipissing pass near North Bay was 
opened. When that occurred the waters necessarily feU below 
the Port Huron outlet, the plane being lowered an unknown 
amount to the level of the new outlet. (See Fig. 37.) Mean- 
while we may suppose that there was tilting, with the node 
this time at ^'c,'* 

A renewal of the upward earth movements in the northern 
part of the region is thought to have raised the North Bay outlet 
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higher and higher, causing a corresponding rise of the water- 
plane throughout the lake basin and submerging the first Nipia- 
sing plane more and more deeply. (Fig. 37, tower diagram.) 
The same movement must have increased the slant of the Algon- 
quin planes in the affected region. As soon as the North Bay 
outlet had thus been raised to the level of the Port Huron 
pass, the water-plane of LaJke Nipissing south of the node ^'c" 
coincided with the lowest Algonquin plane, which had been 
abandoned when the waters fell from the Port Huron to the 
North Bay level. Thus the horizontal plane of the ** Nipissing 
shore line" (N^) was produced. 

Uplifts continued in the northern part of the region, raising 
the Nipissing pass above the Port Huron outlet so that th? 
northeastward discharge ceased, deforming the northern part 
of the Nipissing plane north of the node ^'g/' and necessarily in- 
creasing the inclination of the Algonquin planes in the same 
area. Thus we may account for the structure shown in the 
lower diagram of Fig. 37, which agrees in many ways with what 

is now known of the actual attitudes of the water-planes. 

According to this hypothesis, the Algonquin planes in eastern 
TVisoonsin would slant southward at a repeatedly diminishing 
rate, becoming horizontal somewhere in the central or southern 
part of the region, and failing to coincide in just so far as the 
Port Huron outlet was cut down in the intervals between the 
deformations. The plane of the Nipissing shore-line, horizontal 
except in the northern part of the region (north of the node of 
that deformation which raised the North Bay pass out of water), 
ought to coincide with the lowest Algonquin plane, where that 
plane first becomes horizontal (at the nodal point ^^c" in Fig. 37) . 
It is clear also that since the Nipissing plane and the lowest 
Algonquin plane coincide at the Port Huron outlet, the vertical 
interval between the highest Algonquin and the Nipissing shore- 
line at Port Huron measures the deepening of that outlet dur- 
ing the existence of Lake Algonquin. This amounts to only 
about ten feet (25 minus 14 feet). Subtract this from the 
interval of 45 feet between the highest and lowest Algonquin 
shore-lines at Washington Island, and 35 feet is left for the 
actvM uplift by earth movement, of Washington Island, during 
the existence of Lake Algonquin. 
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POSTSCRIPT. 

During the preparation of the foregoing report, certain in- 
vestigations have thrown light on some of the problems. Men- 
tion may here be made of the more important points brought out. 

In the deposits of the 24-foot beach at Evanston, Illinois, a 
considerable number of small shells was collected by the writer, 
which confirm the earlier observations of Marcy,* Alden,f and 
others that the Toleston beaches show abundant signs of life. 
The shells are all of existing fresh-water types.J As no such 
fossils have been discovered in the 40-60-foot beaches of Lake 
Chicago, it is inferred that the 24-foot stage was one whose 
waters were not frigid, as in Lake Chicago, but in which the 
Chicago district was much more remote from the ice, as was 
the case in Lake Algonquin. Shells of similar species, but of 
larger size, were also found in April, 1906, in beach ridges of 
the Algonquin group (18 feet above the lake) at Huronia beach, 
near Port Huron ; and they have been collected from the Algon- 
quin beach in other parts of eastern Michigan, by C. Al Davis 
and other members of the Michigan Geological Survey. 

In a paper before the Michigan Academy of Sciences, March 
30, 1906, Taylor stated that the 743 foot shore-line near North 
Bay, Ontario, noted in his earlier papers, is not the **Nipissing" 
shore-line. The strong Nipissing beach, recently recognized by 
him in that locality, is just 700 feet above the lake. This har- 
monizes better with measurements of the Nipissing shore-lines 
elsewhere; and Taylor's observations when all assembled indi- 
cate that the plane of the ** Nipissing'* or '*Two outlet "§ stage 
in the entire northern part of the Great Lake region, is in- 
clined with remarkable uniformity, — ^not warped, but tipped. 
This strengthens the view that each of the movements which 



♦ Geol. Surv. of Illinois, vol. 3, p. 245. 

t Chicago Folio, U. S. Geol. Surv. 81. 

t Identified by Mr. Bryant Walker of Detroit as: Amnicola limosa 
(Say), Valvata tricarinata (Say), PlanorMa parvus (Say), Pisidium (3 
species). 

§A name proposed by Taylor, to suggest the use of the North Bay 
and the Port Huron outlets while the water stood at the Nipissitag 
plane. ~ , . 
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left the Algonquin planes in warped attitudes, was in itself a 
tipping movement (so far as it aflEected this part of the Gteat 
Lake r^on) but that on account of the northward migration of 
the zone of deformation the net result for each of the Algon- 
quin planes was a warping. (See Fig. 35 and pages 113-116.) 

Taylor had placed the Nipissing shore-line at a 9-foot level, 
in the southern part of Lake Huron and on the. eastern side of 
Lake Michigan. This is about 5 feet too low to correspond to 
the strong 14.foot shore-line of southeastern Wisconsin and 
northern Illinois (here taken to be the Nipissing). In view of 
the fact that Lane had regarded a strong 11-14-foot shore-line 
in Huron county as the Nipissing, however, and that Taylor has 
seen strong shore-lines at 14 feet elsewhere on the western side 
of Lake Huron, the possibility of a 14-foot level for the Nipis- 
sing may be admitted. The strongest shore-line near Port 
Huron, a cut terrace and bluff near Huronia beach, which was 
identified by Taylor as the Nipissing beach, was found by Lev- 
erett and the writer to be continuous in one place witETa beach 
ridge which stands about 14 feet above Lake Huron. There 
seems to be at least a probability, therefore, that further study 
of the lower shore-lines of Michigan will place the Nipissing 
shore-line at a 14-foot level. The 9-foot terrace would then cor- 
respond to those slightly* lolwer stages which quite commonly in 
eastern Wisconsin (e. g. near Algoma) have obliterated the 
true Nipissing terrace and thus tended to confuse the record. 

Further detailed work on the eastern side of Lake Michigan 
is much to be desired, in order to fully identify the Algonquin 
and Nipissing shore-lines in the southern part of Lake Michigan. 
It is hoped that by such a study it may be fully demonstrated 
that the Chicago outlet was not only an outlet for the local 
Lake Chicago but also one of the lines of discharge of the great 
Lake Algonquin. 
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Sheboygan, 55 ; Sturgeon Bay, 71, 

74 ; Suamico, 95 ; Two Bivers, 60, 

61; Whitefish Bay. 75. 
raising level of beach ridges, 100, 

103. 
Dyckesville, shore-lines near, 92, 93. 



Eagle Harbor, 17. 

Earth movements, affecting Lake Agas- 
sis. 18, 112. 
affecting Lake Algonquin, 6, 19, 20, 
21, 33, 36, 107, 108, 112, 115, 116. 
confined to north part of region, 44, 

112. 
raising Nipissing outlet, 7, 22, 28, 35, 

36, 37, 109, 115, 116. 117. 
recent, 8, 32. 33, 34. 
recognized by early investigators, 11, 
13, 15, 16. 
Egg Harbor, shore-lines near, 16, 17, 

88, 89, 90. 100, 102, lOa 
Ellison Bay, old strait through, 81, 85. 

shore-lines near, 85, 86, 105. 
EJmergence, stage of, 4. 7, 65, W9. 
Ephraim, cave near, 87. 

shore-lines near, 16, 17, 87. 
Erie River, 35. 
Error in leveling, probable amount of, 

99, 100. 
Escanaba (Mich.), shore-lines near, 31. 

39, 108. 
Esker, near Bailey's Harbor, 79. 
Evanston (HI.), shore-lines near, 43, 44, 
45, 52, 112, 118u 
recession of shore at 58. 



Fans, alluvial, on shore terraces^ 53, 92, 

100. 
Fan profile of water-planes; 18, 113, 

114, 115. 
Faults, post-glacial, 11. 
Favosiies coral, 77. 79. 
Fish Creek, shore-lin€|s near, 16^ 88, 

loa 

Forest bed at two Creeks. 61, 62. 

at Manitowo<^ 59. 

Fort Wayne (Ind.), outlet at, 2. 

Foscor, shore-line near, 68, 69, 103. 
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Foster and Whitney Suryey, 12, 121, 

12Qi. 
Fox Point, terrace at, 40, 62, 110. 

Gardner, shore-lines In, 92, 

Georgian Bay, shore-lines around. 20, 

21, 27. 

Gilbert, G. K., bib'lography, 121. 

work on moraines and outlets In 

Michigan, 35. 
on Nlplsslng outlet, 19. 
on Trent River outlet, 19, 83. 
on Lake Iroquois and Mohawk Valley, 

17, 34. 
views on history of Great Lakes. 33. 
on Ice-dams, 17, 18. 
on recent earth movements, 8, 83. 
Gladstone (Mich.), shore-lines near, 

108. 
Glen Roy, parallel roads of, 10. 
Glenwood or 60-foot shore-line of Lake 
Cnlcago. 
In Illinois, 19, 43, 44, 61, 118t. 
In Wisconsin, 2, 4, 40, 41, 42^, 48, 44, 
45 46, 47, 51, 52, 54, 56, 56, 67, 
110. 
Glenwood stage of Lake Chicago, 
complexity of, 44. 
gravels of, burled by red clay, 2, 16, 

40, 41, 61, 62. 
named, 19. 

outline of Lake Chicago during, 3. 4. 
re-advance of Ice during, 2. 
Ooldthwalt, J. W., 121. 
Gordon, C. Hi, 37. 

Graceport, shore-lines near, 90, 91, 108. 
Grand River (Mich.), outlet through, 4. 

5, 35, 36. 
Green Bay, shore-lines around, 1, 13, 14. 
15, 17, 23, 24. 26, 30, 31, 89, 81- 
98, 99, 101, 108. 
swamps on west side of, 24, 39, 95, 
96, 103. 
Green Bay (City), kettle moraine near, 
. 95. 
shore-lines near, 17, 24, 41, 94, 96. 

101. 
stream terraces near, 94. 
Green Bay lobe, 2, 8. 
Green Cap (Mich.), shore-lines near, 18. 
Gross Point (III.), shore-lines near, 48. 
Gulf of Mexico, 10, 11. 
Gulf Stream, 11. 

Hall, James, 9, 121. 
Halycites coral, 7ft. 

9 



Hand-level, Locke, use of, 99, 102. 
Headlands, notched, at Algoma, 67. 
at Death's Door, 81, 85, 103, 106. 
at Rostok, 65. 

on Washington Island. 82, 83, 106. 
Hedgehog Harbor, shore-lines near, i7» 

85. 
Herman shore-lines, of Lake Agasslz, 18. 
High water of 1838 :— 39, 104. 
Horlzontality of shore-lines. In south 
part Huron basin, 111, 112. 
In south part L. Michigan basin,, 10, 
25, 29, 39, 40, 41, 42, 43, 44, 101, 
102. 103, 110, 112, 116. 
Horseshoe Bay, shore-lines near, 90. 
Hubbard. Bela, 9, 121. 
Hudson Valley, 6, 11, 17. 
Huron County (Mich.), shore^llnee In, 
38, 111. 

Ice-dam hypothesis!, 17, 18, 22, 28, 26» 

30. 32. 
Ice-rampart, at Sturgeon Bay, 74. 
Ice-sheet, in Great Lake regioh, 2, 3, 

5, 6. 
Illinois River, outlet to, (see Chicago 

outlet). 
Imluy, (Mich.), outlet at, 4. 
Inclinatloa direction of maximum, of 

shore-line», 28, 34, 101, 112. 
Indiana, beach ridges In, 10. 
Indians, 9, 20, 77, 90, 96. 
Interclsion of Pike River, 48. 49, 50. 
Inter-glacial bed, (see Forest bed). 
Island, old, of Algonquin, at Bailey'f 

Harbor, 79. 
Isobases, of Nlpisslng water-plane, 29, 

30. 

Jacksonport. shore-lines near, 75, 76, 77, 
81, 106, 108. 

Joints, influence of, on shape of cUffi, 

75, 82. 

Juddvllle, shore-lines near, 88. 89, 806. 

Kenosha, deflection of stream at, 47, 48. 

interclslon of steam at, 48, 49, 50. 

recession of shore at, 48, 59. 

shorelines near 40, 46, 47, 110, 111. 
Kenosha County, recession shore in, 50. 

shore-Mnes in, 44, 45, 46, 59. 
Kewaunee, recession of shore at, 68. 

Bhorp-lines near, 24. 41, 62, 63, 64^ 
101. 

stream terracesf near, 62, 68. 

Kewaunee River, 68. 
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Kirkfleld (Ont.), outlet put, (see Trent 
Riyer outlet), 
shore-lines near, 21. 
Klshkekwanteno, shore^Unes near, 98, 

94. 
Knight, S. O.. 59. 

lAke Agassis, 18, 35, 112. 
•Lake Algonquin, birth of, 6. 

extent, of, 1, 6. 

extinction of, 6, 116. 

name of, 20. 

outlets of, 5, 6, 83, 35, 115, 119. 

(see also Port Huron outlet, Trent 

River outlet, and Nipissing outlet). 

shore- lines of, (aee Algonquin shore- 
lines). 
Lake Chicago, extent of, 1, 2, 8. 

extinction of, 5, 86. 

frigid waters of, 118. 

< origin of, 2. 

'outlet of, (see Chicago Outlet). 

tshore-lines of, attitude, 19, 41, 42, 43 
44, 46. 

•correlation with Algonquin shore- 
lines, 29, 55, 112, 119. 
northward extent of. 2, 4, 20, 31. 
110. 
supposed deformation of, 15, 16. 

stages of, 2, 3, 4, 19, (see also Glen- 
wood, stage, Calumet Stege, and 
Toleston stage). 
Lake Duluth. 1, 15. 

Lake Brie, ancestral lakes in basin of 
2, 3. 4, 5, 7, 11, 22, 35, 36. 87. 

(see also Lake Maumee and Lake 

Whittlesey), 
beach ridges near, 9, 12. 14, 15. 
river in basin of, 35. 
moraines near, 37. 
Lake Forest (111.), recession of shore 

at, 58. 
Lake Huron, ancestral lakes in ba0in of, 

1, 4, 5. 6, 7. 14, 19, 20, 22, 28. 

36, 37, 38, 101. 112, 113, 119. (see 

also Lake Whittlesey and Lake 

Saginaw), 
moraines near, 37. 

shore-lines around, 14, 15, 20, 21, 22, 
82. 38, 119. 
"Lake Iroquois. Wrth of, 5, 86. 
extinction of, 86. 
inland gulf in place of, 18. 
• outlet for Lake Algonquin into, 6, 
88, 35. 



Lake Iroquis, outlet of, down Mohawk 

Valley, 5, 17, 18, 36. 
liSke Maumee. extent, 2, 3, 4, 35. 
icOHlam for, 17. 18, 35. 
outlet of, 2, 3, 4, 35. 
Lake Ontario, ancestral lakes in basfif 
of, 4, 5, 9, (see also Lake Iro- 
quois). 
Lake Saginaw. 4. 35. 
I.rake Simcoe, shore-lines near, 21, 23. 
Lake Superior, shore-lines around, 1, 

12, 14. 23, 25, 28. 29, 31. 
Lake Warren, birth of, 6, 22. 
extent of, 5, 23. 31, 82, 35. 
extinction of. 5, 20, 86. 
name of, 18, 19. 
outlet of, 5, 31 35, 36. 
Lake Whittlesey, 35. 
I^ne, A. C, 8, 37, 38, 111, 119. 122. 
I^apham, I. A., 12, 49. 
Lawson. A. C, 25, 29, 31, 122. 
Leveling, of old shore-lines, 99, 100. 
Leverett, Frank, bibliography, 122. 
maps based on investigations of 3, 6. 
work on moraines in Michigan, 57. 
work on shore-lines in following 
places : — 

Chicago district, 19. 29, 40, 43, 

44. 
Lake Huron basin, 87, 111, 119. 
Michigan, 37, 41. 
southeastern Wisconsin, 19. 20. 
views on following points : 

attitude of old shore-lines, 39. 41. 
direction of maximum inclina- 
tion, 101. 
Light-houses, on old terraces, at Eagle 
point. 87. 
at Nasewaupee, 73. 
on Rock Island, 85. 
Lilly Bay, shore-lines near, 74. 
Lime kiln, near Little Sturgeon Bay, 01. 
Little Sturgeon Bay, Gdiore-Iines near» 

91. 
Little Suamico, shore-lines near, 96, 07, 

100. 
Lobes, of ice-sheet, 2, 3. 4. 
Long Tail Podnt, 94. 
Low water .stages in Lake Michigan 
ancient, 4, 6, 7, 63, 190. 
in 1811 and 1896. 39. 
Ludington (Mich.) shore-lines near, 20. 
Lyell, Charles, 10, 11, 122. 
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Mackinac Island, shore-lines on, 13, 22, 

23, 27, 108. 
Manistee (Mich.)» end of Calumet shore- 
line near, 4, 41, 57. 
re-«dvance of ice to moraine at, 4, 
57, 62. 
Manitowoc, moraine near, 57. 
re-advance of ice to, 4, 67. 
recession of cliffs near, 57, 59. 
red clay exposed near, 59, 62. 
shore-lines near, 4, 23, 24. 
stream terraces near, 56, 57. 
M^rcy, Oliver, 118. 
Marinette, shore-lines near, 98. 
Marquette (Mich.), shore-lines near, 26, 

26, 30. 
Mather, W. W., 11. 
Mattawa valley, outlet through, {see 

Nipissing Outlet). 
Maximum inclination, direction of, (see 

Inclination.) 
Menominee (Mich.), shore-lines near. 

17, 39, 98. 
Migration of zone of deformation, 115- 

119. 
Milwaukee, gravels buried by red clay 
near, 2, 41, 51. 
re-advance ox ice-sheet to, 2, 52. 
recession of shore at, 59, 60. 
measurements by Qllbert »t, 34. 
shore-lines near, (see also Fox 
Point). 
Milwaukee county, recession of shore 

in, 59. 
Mink River, old strait through, 81. 
Mohawk Valley, outlet through, 5, 11, 

17, 18, 36. 
Montreal, marine clays at, 23. 
Monument Point, shore-lines ne«r, 90. 
Moraines, Manistee-Manitowoc, 4, 42, 
57, 62. 
near Green Bay City, 95. 
of southeastern Michigan, 35, 37. 
Mosel station, topography near. 56. 

Mud Bay, topography near, 79, 80. 
Mudge, B. H., 122. 

Munuscong Islands, 27. 

Nasewaupee. shore-lines near, 73. 

Newberry, J. S., 122. 

Newburg (N. Y.). post-glacial faults 

at, 11. 
Newport, shore-lines near, 81. 
Newton, (see Northeim). 
New York, beach ridges in, 9, 10, 18. 



Niagara limestone, at Boyer Bluff, 82; 

at Cave Point, 75. 
Niagara River, 33, 34. 

gorge of, 34, 37. 

Nipissing Great Lakes, extent, 1, d, 
7, 36. 

name, 31. 

rising of lakes to form. 109, 111. 

Nipissing outlet, abandonment of, 7, 28> 

37, 116, 117. 
ancient rapids of, 35. 
duration of activity of, 35, 36, 37. 
investigation of, 19, 32. 
marine strait through, 21, 26. 
opening of, 6, 26, ^2, 36, 109, 116, 

117. 
uplift ot, 7, 28, 37, 109, 111, 115, lie>. 

117. 
Nipissing shore-line, inclination of, iO» 

28-32, 37, 39, 41, 42, 93, 102, 108- 

113, 116-119. 
strength of, 25, 26, 31, 32, 36, 66^ 

69, 108, 1U9, 110, 111. 
submergence of, southward, 81, 32, 

37, 102. 
Nipissing water-plane, described by 

Russell, o^, 40. 
deformation of 7, 28, 116. 116, 117. 
horizon tality of, southward, (see Hori- 
zon tallty). 
reconstruction of, by Taylor, 28, 29, 

30. 
reconstruction of, in Wisconsin, lOS- 
• 111. 
relation of, to Algonquin water-planes, 

39-42 113-117. 
Nodal points, of deformation, 32, 118- 

117. 
North Bay (Ont.), outlet near, (tee 

Nipissing outlet), 
shore-lines near, 21, 23, 27, 32, 118. 
North Bay, (Wis.), old strait throa«h, 

87. 
shore-lines near, 80. 
North Channel (Ont.), shore-lines near, 

23. 
Northeim, moraine near, 57. 



Oconto, shore-lines near. 24, 97. 
Ohio, beacii ridges in, 9. 
Ontario, shore-lines In, 10, 18, 20. 
Oostburg, shore-lines near, 64, 65. 89. 
Ordinates, agreement of, 100, 102, lOt, 
106. 
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Ottawa Valley, marine vubmergence 
of, 6. 
outlet through, (see Niplssini; outlet). 
Outlets, {see Chicago, NipUslng, Port 

Huron, and Trent River). 
Owen, D. D., 10. 
Ozaukee County, shore-lines of, 4, 65. 

Penhallow, D. P.. 123. 
Pensaukee, shore-lines near, 97. 
Pentwater (Mich.), shorelines near, 29. 
Peshtigo, shore-linefiT near, 24, 98. 
Petosky (Mich.), shore-lines near, 28. 

30. * 

Pierce, F. S., 23. 
Piers, shore drift against, 12, 63. 
Pike River, deflection of, 47. 
Intercislon of, 48. 49, 50. 
Plum Island, shore-lines on, 84. 
Point Comfort, shore-lines near, 93, 103. 
Point River, terraces on, 561 110. 
Port Huron (Mich.), shore-lines near. 

21, 33, 111, 120. 
Port Huron outlet, abandoned, 6, 36, 

115, 116, 117. 

deepened and widened. 6 7, 14, 46, 

116. 
draining Lake Algonquin, 5, 19, 35, 

36, 113, 114, 115, 116. 
restored by uplifts, 7, 22. 33, 36, 37, 

116, 117. 

Port Sanilac (Mich.), shore-lines near. 

111. 

Pottawantomee Island, (see Washington 
Island). 

Port WAfShington, recession of shore at. 

52, 59. 
shore-lines near, 16. 40, 47, 51, 52. 

110. 
Preble, shore-lines in, 94. 
Profile of water-planes, construction of, 

101. 

Baclne, recession of shore at, 59. 

shore-lines near, 15, 20, 40. 46, 47, 55. 

Racine county, recession of shore, In, 

59. 

shore-lines in, 10, 44, 46. 110. 
Railroad profiles, data from, 100. 

Rainfall, fluctuations In, 8, 14, 38, 39. 

46, 104. 
Renadvance of ice-sheet, to Mianlstee- 

Manitowoc moraine, 4, 57, 62. 
to Milwaukee, 2, 52. 



Recession of shore of L. Mchlgan, at 

following places. 
Cave Point, 75 ; Clay Banka, 69 ; Jack- 

sonport, 106; Kenosha, 48, 49. 50; 

Kewaunee, 63; Kisakekwanteno, 03, 

94; Manitowoc, 57, 58, 59; Red 

River, 92. 93; west side of Law 

Michigan, 58, 59, 109. 
destroying older shore-lines, 13, 104. 
Red Clay, origin of. 17, 52. 

overlying gravels near Milwaukee, 2, 

16, 40, 41, 51, 52. 

peat in, 59, 61, 62. 

structure of, 51. 52, 59, 61, 62,. 94. 

Red River, shore-lines near, 92. 

Rising of lake, cutting bluffs. 109, 111. 
Rock Island, shore-lines on 81, 82, 102. 

Rostok, shore-lines near. 64 65, 103. 

Rowley's Bay, old strait through, 81, 

85. 

shore-lines near, 80, 81. 

Roy, Mr., 10. 

Russell, I. C, 37, 38. 39, 112, 123. 



Saginaw Bay, 2, 4, 5. 

Saginaw lobe, 4. 

St. Clair River, 6, 112. 

St. Croix Valley, outlet through, 25. 

St. Lawrence Valley, marine submergence 

of, 6. 
St. Louis River (Minn.), rapids on, 33. 
St. Martin's Island, shore llnetf on* 14» 

108. 
Salisbury, R. D., 120, 123. 
Sault Ste. Marie, shore-lines near, 23, 

25, 26. 
Sawyer, shore-lines near, 71, 73. 
Scott, shore-lines in, 94. 
Sheboygan, shore-lines near, 24, 40. 42, 

55, 110. 
Sheboygan County, shore-lines in, 4, 44, 

55. 

Shells. In Agonquin beach, 118. 
Shore drift, against piers. 12, 63. 

at Clay Banks, 70 ; Gardner, 92 ; Ke- 
waunee, 63 ; Rostok. 6o. 
Silver Creek, terraces oh, 57. 
Sister Bay, old strait through, 87. 

shore-lines near, 17, 86 87, 105, 106. 
Southampton (Out.), tilt rate near, 21. 
Spencer, J. W., bibliography, 123. 

work on Lake Algonquin, 19, 20, 21, 
23. 

on Lake Iroquois, 18. 
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Spencer ,J. W., views on attitude of 
Algonquin sliore-llnes, 20, 21, 22. 
on ice-dams, 18, 21, 22. 
on marine submergence, 18, 22, 26, 

33. 37. 
Trent Valley outlet, 22, 28, 33. 
:8tate line (111.), shore-lines near, 43, 
44, 45, 111. 
recession of shore at, 50. 
^ate road ridge, 96, 97. 
Straits, old, north of Lake Superior, 2J. 

22, 25, 27, 30. 

Rowley's Bay to Ellison Bay, 81, 85. 

Sister Bay to North Bay, 87. 
Stuntz, G. R. 33, 123. 
Sturgeon Bay, saore-Iines near, 16, 17, 

24, 41, 42, 72, 73, 74. 101, 102, 103. 
Buamico, shore-lines near, 24, 95, 96. 
Sub-aqueous reefs^ 68, 76. 
Submergence, marine, 6, 10, 11, 17, 18, 

23, 25, 27, 30, 33, 37. 

{»ee also under Algonquin and Nipls- 
sing shore-lines). 
Swamps, on weart side of Green Bay, 95, 
96, 103. 

Taylor, F. B., bibliography. 123, 124, 
125. 

maps based on investigations of, 3, 
5, 7. 

work on shore-lines and outlets at fol- 
lowing places : 

Georgian Bay, 27, 124 ; Green Bay, 
23, 41, 82, 98. 124; Mackinac Id., 
23, 27, 123; Michigan (southern 
part) 8, 23, 29, 32, 33. 35, 41, 101. 
Ill, 112, Nipissfng pass. 6, 19, 26, 
28, 32, 35, 109, 118 : north shores 
of Great Lakes, 23, 25, 26, 30, 31. 
124 ; south shore o- Lakes Superior, 

25, 124; Wisconsin, 56, 64, 72, 62. 
96, 101; {see also Green Bay). 

views on following points : 

;attitude of Algonquin shore-lines, 24, 
25, 27, 28, 29. 30, 31, 32, 39, 41, 
101, 111; attitude of Nipisslng 
shore-lines, 26, 28, 29, 30, 31, 39. 
41. 108, 109, 111, 113, 118, 119: 
drowning of rivers and shores, 28. 
63 ; extent of Lakes Warren, 23, 31. 
32 ; history of Great Lakes, 36 ; ice- 
dams, 23, 26, 30, 32; low water 
stage, 6. 109; marine submergence, 
23, 27, 30 ; Niagara gorge, 37 ; time 
«ince Nipisslng stage, 37. 



Terraces, stream, ac following places: 

Clay Banks, 69, 70; Foscoro, 68; 

Green Bay, 94. 95 ; Kewaunee, 62, 

63, 64; Rostok, 64, 65; Sheboygan 

.and Manitowoc, 56, 57, 110. 

significance of, 38, 110. 

Thayerport, (see Graceport). 

Tilting, (see Ejarth movements). 

Tilt rate, of Algonquin shore-lines, 39, 

102, 103. 

of Nipisslng shore-lines, 37, 39, 41, 

110. 

of shore-lines in following places : 

east side of Lake Huron, 21 ; Georgian. 

Bay, 20, 21; north part of Lake 

Michigan, 24 30, 34. 39, 42, 102; 

south part of Lake Michigan, 103. 

Time, post-glacial, 15, 38. 
since Nipisslng stage, 15, 37, 38. 

Toleston or 20-foot shore-line of Lake 

Chicago, in Illinois. 19, 43, 44, 46, 

52, 112, 118. 

in Wisconsin, 40, 41, 45 46, 47, 55, 

110. 

Toleston stage, of Lake Chicago. 4, 19, 

47, 55, 118. 

Toronto, shore-lines near, 10. 

Trails, Indian, 20. 

Traverse City (Mich.), shore-lines near, 

23, 29. 

Trent River outlet. 

draining Lake Algonquin, 5. 6, 19, 28, 

33, 36. 

duration of, 22. 

uplift and abandonment of, 33, 36. 

marks of great river In, 33. 

Two Creeks, forest bed at, 61, 62. 

Two-outlet stage, (see Nipisslng stage). 

Two Rivers, shore-lines near. 66, 59, 60, 

110, 112. 

supposed submergence of Algonquin 

water-plane at, 24, 29, 41, 42. 

Undercut cliffs, of extinct lake, 80, 102, 
106. 
of present lake, 76. 77. 

Union, shore-lines in, 92. 

Upham, Warren, 18, 35, 112, 125. 

Uplifts, differential, (see Earth Move- 
ments) . 

Vanuxem, Lardner. 9. 

Wabash River, outlet to, 2. 
Walker, Bryant, 118. 
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Warping, {see Earth Movements.) 

Washington Harbor, shore-lines near, 82, 
83, 102, 104, 105, 106, 108. 

Washington Island, shore-lines on, 14, 
24, 81, 82, 83, 84, 102, 104, 105, 
106, 107, 108, 116. 
totAl uplift of. 116. 

Water-planes, {see Algonquin anci Nlpls- 
sing shore-lines). 

Waukegan (111.), shore-lines near, 48, 
44, 45, 111. 
recession of shore *t, 69. 

Wave-like uplifts, 112, 118. 

West Harbor, shore-lines at, 105. 

Whale, remains of, in Chftmplain Val- 
ley, 28. 



Whiteflsh Bay, shore-lines near, 74, 76| 

100, 106. 
Whittlesey, Charles, 9, 10, 14, 88, 108» 

126, 127. 
Wilcox station, shore-lines near, 97, 99. 
Wilson, A. W. G., 126. 
Wind Point, shore-lines near, 40, 46| 

47, 51. 
Wlnnetka (111.), shore-lines near, 43. 

recession of shore at, 68. 
Woodward B. S., 107, 126. 
Wye level, use of. 99, 100. 

Zion City (III.), shore-lines near. 48, 44. 
Zone of deformation, northward migra- 
tion of, 115-119. 
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